
SPECIAL 510(K) PREMARKET SUMMARY10

VALO®1 Cordless APR 2 82511

This summary of the Special 510(k) substantial equivalence information is being submitted in
accordance with the requirements of 21 CFR 807 for VALOO Cordless.

Applicant's Name and Address

Ultradent Products, Inc.
505 West 10200 South
South Jordan, UT 84095

Contact Person: Diane Rogers
Title: Regulatory Affairs Manager
Telephone: 800-552-5512 x4491, 801-553-4491
FAX: 801-553-4609
Date Summary Prepared: April 1, 2011

Name of the Device

Trade Name: VALCO Cordless
Common Name: Activator, ultraviolet for polymerization
Device Classification: 11
Classification Product Code: EBZ

Legally Marketed Predicate Device to Which Equivalence is Claimed

The predicate device is VALOI (K(083647). This device is manufactured and distributed by
Ultradent Products, Inc., 505 West, 10200 South, South Jordan, Utah 84095.

Product Description: Valo3 Cordless is a visible light activator for polymerization of dental
resins. In other words, it is a dental curing light used for polymerization of all photo-initiated
dental materials. The VALOD Cordless is shipped as a system with the VALO Cordless wand, 4
rechargeable batteries, 2 for initial use and 2 for later use, a battery charger and 50 VALO
Cordless Barrier Sleeves. An Instruction for Use is also included inside the packaging. The
Instructions for Use details the function of the device and describes the modes for the VALO
Cordless. VALO Cordless has three operating modes. They are Standard Power Mode:
1000mW/cm2 , High Power Mode: 1400mW/cm 2 and Xtra Power Mode: 3200mW/CM 2 .
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Indications for Use:- Source of illumination for curing photo-activated dental restorative
materials and adhesives.

Technological Summary: The VALO CORDLESS curing light uses a custom, multi-wavelength
Light Emitting Diode (LED) for producing the high intensity light (395 - 480 nm) capable of
polymerizing all light cure dental materials. This intensity will also penetrate porcelain and is
capable of curing underlying resin cements similarly to a quality halogen light.

The VALO CORDLESS curing light uses safe Ultradent VALO rechargeable batteries and
battery charger.

Performance Data:

VALO CORDLESS Curn Light

Wavelength range 395nm - 480nm (see qualifi cation below)

Effective output Power of VALO CORDLESS falls within the following wavelength range:
*395nm<= EP <=480nm.

Minimal and insignificant power can be found in wavelength ranges from:
a 380nm - 395nm and 480nm - 5 l~nm

ADA 48 specifies power limitations within specific wavelength bands.
The VALO CORDLESS complies with ADA 48

- Wavelentl a~nd

lyftfe lower wavelength Effecte upper wavelengh

395 my(z 395 eM) 4Z a (S 480nm)

Htgh Power Mode
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t Xtra Power - 3200mw/cm2 +/- 20% (formerly called 'Plasma Emulation')

*As measured by a Demetron® L.E.D, Radiometer

f As measured by a spectrum analyzer

Den-Mat ® Sapphire Plasma Arc Curing Light - Irradiance measured at 2,600mW/cm2 with
___________________ a spectrum analyzer

The following three tests were conducted along with bench tests described in the 5 10(k); depth
of cure, software verification and validation and LEC 6060 1-1 Electrical Safety.

Conclusion:

Compairison'TabI6

VALO _CVALO,,Cdj ess.-

Power Supply Wall powered, 12V0C, Same
medical grade with

adapters for International
capability

UL Approved

Indications For Use Source of illumination for Same
curing photo-activated

dental restorative
materials and adhesives.

Structure Ergonomic wand Same
- Light Blue and UV wavelengths Same

Current control Regulates current in the Same
light source

Buttons Two buttons that function Same
the light

Power ON button Located on handle of wand Same

Power cord 8' length Same

Time Device indicates time and Same
time selection

Power Rati ng Plasma Emulation Mode is Xtra Power mode is
4500mW/cm2  3200mW/cm'

Operation 110VAC 110VAC

VALO® Cordless Special 5 10(k) 12
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Substantial Equivalence:

The VALO M SCOUT is substantially equivalent to the VALO TM which is also manufactured by
Ultradent Products, Inc. These two products are manufactured from the same materials, utilize
many of the same components, are calibrated to the same levels and parameters, are used in
the same manner and fashion, and are designed to operate and function in a near identical
manner. The VALOTM SCOUT was designed to be the VALO TM but without the cord. The
programming code is near identical, save midro-controller variations and enhanced safety
features. Both products have the same intended use and technological characteristics. Both
products are safe and effective when used for as intended and for the purposes described.
The following three tests were conducted along with bench tests described in the 510(k); depth
of cure, software verification and validation and IEC 60601 Electrical Safety.

VALO® Cordless Special 5 10(k) 13
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
10903 New Hampshire Avenue
Document Control Room -W066-G609
Silver Spring, MD 20993-0002

Ms. Diane Rogers
Regulatory Affairs Manager
Ultradent Products, Incorporated
505 West 10200 South
South Jordan, Utah 84095

APR 2 8 21f
Re: K 110582

Trade/Device Name: VALO® Cordless
Regulation Number: 21 CFR 872.6070
Regulation Name: Ultraviolet Activator for Polymerization
Regulatory Class: 11
Product Code: EBZ
Dated: April 1, 2011
Received: April 5, 2011

Dear Ms. Rogers:

We have reviewed your Section 5 10(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration. Please note: CDRH does
not evaluate information related to contract liability warranties. We remind you, however,
that device labeling must be truthful and not misleading.

If your device is classified (see above) into either class II (Special Controls) or class II1
(PMA), it may be subject to additional controls. Existing major regulations affecting your
device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish further announcements concerning your device in the Federal
Register.
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Page 2- Ms. Rogers

Please be advised that FDA's issuance of a substantial equivalence determination does not
mean that FDA has made a determination that your device complies with other requirements
of the Act or any Federal statutes and regulations administered by other Federal agencies.
You must comply with all the Act's requirements, including, but not limited to: registration
and listing (21 CER Part 807); labeling (21 CFR Part 801); medical device reporting
(reporting of medical device-related adverse events) (21 CER 803); good manufacturing
practice requirements as set forth in the quality systems (QS) regulation (21 CFR Part 820);
and if applicable, the electronic product radiation control provisions (Sections 531-542 of
the Act); 21 CFR 1000-1050.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801),
please go to http://www.fda.gov/AboutFDA/CentersOffices/CDRH/CDRyEfices/
ucml I 15809.htm for the Center for Devices and Radiological Health's (CDRH's) Office of
Compliance. Also, please note the regulation entitled, "Misbranding by reference to
premarket notification" (21 CFR Part 807.97). For questions regarding the reporting of
adverse events under the MDR regulation (21 CFR Part 803), please go to
http://www.fda.go0v/MedicalDevices/Safety/ReportaProblem/Jdefault htm for the CDRI-'s
Office of Surveillance and Biometrics/Division of Postmarket Surveillance.

You may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free
number (800) 63 8-2041 or (301) 796-7100 or at its Internet address
http)://www.fda. gov/MedicalDevices/ResourcesforYou/industry/defaulthtm.

Sincerely yours,

Anthony D. Watson, B.S., M.S., M.B.A.
Director
Division of Anesthesiology, General Hospital,

Infection Control and Dental Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Statement of Indications for Use

510(k) Number (if known): [lt~9

Device Name: VALO®1 Cordless

Indications for Use:

Source of illumination for curing photo-activated dental restorative materials and
adhesives.

Prescription Use X AN/ROver-The-Counter Use ___

(Part 21 CFR 801 Subpart D) AN/R(21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE OF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

(Division Sign-Off)
Division of Anesthesiology, General Hospital
Infection Control, Dental Devices

510(k) Number: Pae1o1

(Posted November 13, 2003)
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April 18, 2011

4DA CDRH DMC
Lauren Giles APR 20 2011
Food and Drug Administration CDRH

Received
Document Mail Center (HFZ-401)

10903 New Hampshire Drive

Silver Spring, MD 20850

Reference VALO Cordless Special 510(k) K110582

Dear Lauren,

Thank you for your quick review of the changes to our submission. I made all the changes you
requested during our phone call on April 18, 2011. (detailed in emails dated April 14, 2011 and April 15,
2011).

o Added Form FDA 3654 for ADA Specification No. 27
* 510(k) Summary: Added new Summary which includes a statement : The following three tests

were conducted along with bench tests described in the 510(k): depth of cure, software
verification and validation and IEC 60601-1 Electrical Safety testing"

* 510(k) Summary: Provided a bold heading for Product Description
* Provided a statement that the Instructions for Use will be modified to include the correct trade

name of the device, VALO Cordless.
* Included a complete copy of the 510(k) Summary
*

Please review these changes and feel free to contact me if you have any further questions. Thanks again
for your quick review.

Kind regards,

Diane Rogers (/

Regulatory Affairs Manager

Ultradent Products, Inc.

03ULR ADET SotJodnUth805US

RRC)DUCTS, INC. 5.aetcr
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SPECIAL 510(K) PREMARKET SUMMARY

VALO® Cordless

This summary of the Special 510(k) substantial equivalence information is being submitted in
accordance with the requirements of 21 CFR 807 for VALO* Cordless.

Applicant's Name and Address

Ultradent Products, Inc.
505 West 10200 South
South Jordan, UT 84095

Contact Person: Diane Rogers
Title: Regulatory Affairs Manager
Telephone: 800-552-5512 x4491, 801-553-4491
FAX: 801-553-4609
Date Summary Prepared: April 1, 2011

Name of the Device

Trade Name: VALOt Cordless
Common Name: Activator, ultraviolet for polymerization
Device Classification: II
Classification Product Code: EBZ

Legally Marketed Predicate Device to Which Equivalence is Claimed

The predicate device is VALO® (K083647). This device is manufactured and distributed by
Ultradent Products, Inc., 505 West, 10200 South, South Jordan, Utah 84095.

Product Description: Valo® Cordless is a visible light activator for polymerization of dental
resins. In other words, it is a dental curing light used for polymerization of all photo-initiated
dental materials. The VALO Cordless is shipped as a system with the VALO Cordless wand, 4
rechargeable batteries, 2 for initial use and 2 for later use, a battery charger and 50 VALO
Cordless Barrier Sleeves. An Instruction for Use is also included inside the packaging. The
Instructions for Use details the function of the device and describes the modes for the VALO
Cordless. VALO Cordless has three operating modes. They are Standard Power Mode:
1000mW/cm2 , High Power Mode: 1400mW/cm' and Xtra Power Mode: 3200mW/cm2.

VALO@ Cordless Special 510(k) 10
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Indications for Use: Source of illumination for curing photo-activated dental restorative
materials and adhesives.

Technological Summary: The VALO CORDLESS curing light uses a custom, multi-wavelength
Light Emitting Diode (LED) for producing the high intensity light (395 - 480 nm) capable of
polymerizing all light cure dental materials. This intensity will also penetrate porcelain and is
capable of curing underlying resin cements similarly to a quality halogen light.

The VALO CORDLESS curing light uses safe Ultradent VALO rechargeable batteries and
battery charger.

Performance Data:

VALO CORDLESS Curing Light

Wavelength range 395nm - 480nm (see qualification below)

Effective output Power of VALO CORDLESS falls within the iollowing wavelength range:
* 395nm <= EP <= 480nm,

Minimal and insignilicant power can be found in wavelength ranges from:
* 380nm - 395nm and 480nm - 510nm

ADA 48 specilies power limitations within specific wavelength bands.
The VALO CORDLESS complies with ADA 48

Iv omse

463 sent

Light intensity * Standard potter - 100omw/cm2 +'-10%

*High power - l400mw/cm2 +/-10%

VALO< Cordless Special 510(k) II
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t Xtra Power - 3200mw/cm2 +/- 20% (formerly called 'Plasma Emulation')

* As measured by a Demetran@ L.E.D, Radiometer

t As measured by a spectrum analyzer

Den-Mat@ Sapphire Plasma Arc Curing Light - Irradiance measured at 2,600mW/cm2 with
a spectrum analyzer

The following three tests were conducted along with bench tests described in the 510(k); depth
of cure, software verification and validation and IEC 60601-1 Electrical Safety.

Conclusion:

Comparison Table

VALO* VALO® Cordless

(K083647)

Power Supply Wall powered, 12VDC, Same
medical grade with

adapters for International
capability

UL Approved

Indications For Use Source of illumination for Same
curing photo-activated

dental restorative
materials and adhesives.

Structure Ergonomic wand Same

Light Blue and UV wavelengths Same

Current control Regulates current in the Same
light source

Buttons Two buttons that function Same
the light

Power ON button Located on handle of wand Same

Power cord 8' length Same

Time Device indicates time and Same
time selection

Power Rating Plasma Emulation Mode is Xtra Power mode is
4500mW/cm2  3200mW/cm 2

Operation 110VAC 110VAC

VALO® Cordless Special 510(k) 12 3q
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Substantial Equivalence:

The VALO" SCOUT is substantially equivalent to the VALO'" which is also manufactured by
Ultradent Products, Inc. These two products are manufactured from the same materials, utilize
many of the same components, are calibrated to the same levels and parameters, are used in
the same manner and fashion, and are designed to operate and function in a near identical
manner. The VALO'" SCOUT was designed to be the VALO" but without the cord. The
programming code is near identical, save micro-controller variations and enhanced safety
features. Both products have the same intended use and technological characteristics. Both
products are safe and effective when used for as intended and for the purposes described.
The following three tests were conducted along with bench tests described in the 510(k); depth
of cure, software verification and validation and IEC 60601 Electrical Safety.

VALO@ Cordless Special 510(k) 13
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Form Approved: OMB No. 0910-0120: Expiration Date: 8/31/10

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

E] Traditional Special F1 Abbreviated

STANDARD TITLE I

ADA Specification No. 27 Resin Based Filling Materials (Section 7.7 only) (Depth of Cure test)

Please answer the following questions Yes No

Is this standard recognized by FDA 2 ? El 

FDA Recognition num ber3 ................................... #

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 51l(k) ................ . . .. .. .. . .. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0

Is a summary report' describing the extent of conformance of the standard used included in the
5 1 0 (k )? ................. ..... .............. 

If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ................... . .. . .. .. . .. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Does this standard include acceptance criteria? . . . . . . . . .. . .. . .. . .. . . . . . . . . . . . . . . W El
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? ....... .. . .. . . . . . . .. . .. .. . . ..  Z 0
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard?..................................... El W
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS)? .............. El El
Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................
If yes, report these deviations or adaptations in the summary report table.

Were there any exclusions from the standard? ...................... . ............. E 0
If yes, report these exclusions in the summary report table.

Is there an FDA guidance6 that is associated with this standard? ................... .............. 0
If yes, was the guidance document followed in preparation of this 510k ....... ............... El El
Title of guidance:

I The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this
[title of standard] [date of publication] standard. The summary report includes information on all standards

2 Authority [21 US. 360d], www.fda.gov/cdrh/stdsprog.htmi utilized during the development of the device.

http://www.accessdata.fda.gov/scrpts/cdrh/crdocs/cfStandards/ s The supplemental information sheet (SIS) is additional information
search.cfm which is necessary before FDA recognizes the standard. Found at
The summary report should include: any adaptations used to adapt http://ww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/
to the device under review (for example, alternative test methods): search.cfm

choices made when options or a selection of methods are described; 6 The online search for CORH Guidance Documents can be found at
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html
device: and the name and address of the test laboratory or

FORM FDA 3654 (9107) Page 1 psc Gm*.,0 0eis..wIt., Fir
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

RI STANDARD TITLE
ADA Specification No. 27 Resin Based Filling Materials (Section 7.7 only) (Depth of Cure test)

CONFORMANCE WITH STANDARD SECTIONS*
SECTION NUMBER SECTION TITLE CONFORMANCE?
7.7 Depth ot'Cure, type 2 materials 1 Yes 0 No 0 N/A
TYPE OF DEVIATION OR OPTION SELECTED'

7.7.1.1. Mold modified from 4 mm deep stainless steel to 6 mm deep natural Teflon/ Delron.*

DESCRIPTION

Mold modification to accommodate deeper cures and reflect in-vivo environment.

JUSTIFICATION

to accommodate deeper cures and reflect in-vivo environment.

SECTION NUMBER SECTION TITLE CONFORMANCE?

El Yes Ol No O N/A
TYPE OF DEVIATION OR OPTION SELECTED"

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes 71 No r] N/A
TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica-
tion" on the report. More than one page may be necessary.
Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average I hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information
unl/ess it displays a currentiv valid OMB control number

FORM FDA 3654 (9/07) Page 2
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4W April 18, 2011

Re: 510(k) K110582 Valo Cordless

The Instructions for Use will be modified to include the correct trade name of the device, VALO Cordless.

Diane Rogers April 18, 2011

4W
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
10903 New Hampshire Avenue
Document Control Room -W066-G609
Silver Spring, MD 20993-0002

Ms. Diane Rogers
Regulatory Affairs Manager
Ultradent Products, Incorporated
505 West 10200 South
South Jordan, Utah 84095

APR 2 8 200
Re: Kl10582

Trade/Device Name: VALOe Cordless
Regulation Number: 21 CFR 872.6070
Regulation Name: Ultraviolet Activator for Polymerization
Regulatory Class: II
Product Code: EBZ
Dated: April 1, 2011
Received: April 5, 2011

Dear Ms. Rogers:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration. Please note: CDR- does
not evaluate information related to contract liability warranties. We remind you, however,
that device labeling must be truthful and not misleading.

If your device is classified (see above) into either class II (Special Controls) or class III
(PMA), it may be subject to additional controls. Existing major regulations affecting your
device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish further announcements concerning your device in the Federal
Register.
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Page 2- Ms. Rogers

Please be advised that FDA's issuaiie of a sdbstantial equivalence determination does not
mean that FDA has made a determination that your device complies with other requirements
of the Act or any Federal statutes and regulations administered by other Federal agencies.
You must comply with all the Act's requirements, including, but not limited to: registration
and listing (21 CFR Part 807); labeling (21 CFR Part 801); medical device reporting
(reporting of medical device-related adverse events) (21 CFR 803); good manufacturing
practice requirements as set forth in the quality systems (QS) regulation (21 CFR Part 820);
and if applicable, the electronic product radiation control provisions (Sections 531-542 of
the Act); 21 CFR 1000-1050.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801),
please go to http://www.fda.gov/AboutFDA/CentersOffices/CDRH/CDRHOffices/
ucm I 5809.htm for the Center for Devices and Radiological Health's (CDRH's) Office of
Compliance. Also, please note the regulation entitled, "Misbranding by reference to
premarket notification" (21 CFR Part 807.97). For questions regarding the reporting of
adverse events under the MDR regulation (21 CFR Part 803), please go to
ho for the CDRH's
Office of Surveillance and Biometrics/Division of Postmarket Surveillance.

You may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free
number (800) 638-2041 or (301) 796-7100 or at its Internet address
http://www.fda.cov/MedicalDevices/ResourcesforYou/Industr/default.htm.

Sincerely yours,

Anthony D. Watson, B.S., M.S., M.B.A.
Director
Division of Anesthesiology, General Hospital,

Infection Control and Dental Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Statement of Indications for Use

510(k) Number (if known): k b5RA

Device Name: VALOO Cordless

Indications for Use:

Source of illumination for curing photo-activated dental restorative materials and
adhesives.

Prescription Use X Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE OF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

(Division Sign-Off)
Division of Anesthesiology, General Hospital
Infection Control, Dental Devices

510(k) Number: kPage 1 of 1

(Posted November 13, 2003)

VALO® Cordless Special 5 10(k) 8
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration

Center for Devices and Radiological Health
Document Control Center W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

March 25, 2011

ULTRADENT PRODUCTS, INC. 510kNumber:Kl10582

505 WEST 10200 SOUTH Product: VALO CORDLESS
SOUTH JORDAN, UTAH 84095
ATTN: DIANE ROGERS

We are holding your above-referenced Premarket Notification (510(k)) for 30 days pending receipt of the
additional information that was requested by the Office of Device Evaluation. Please remember that all
correspondence concerning your submission MUST cite your 510(k) number and be sent in duplicate to the
Document Mail Center at the above letterhead address. Correspondence sent to any address other than the one
above will not be considered as part of your official premarket notification submission. Also, please note the new
Blue Book Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail Communication with
Industry about Premarket Files Under Review. Please refer to this guidance for information on current fax and

e-mail practices at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089

4 0 2.htm.

The deficiencies identified represent the issues that we believe need to be resolved before our review of your
510(k) submission can be successfully completed. In developing the deficiencies, we carefully considered the

statutory criteria as defined in Section 513(i) of the Federal Food, Drug, and Cosmetic Act for determining
substantial equivalence of your device. We also considered the burden that may be incurred in your attempt to
respond to the deficiencies. We believe that we have considered the least burdensome approach to resolving these

issues. If, however, you believe that information is being requested that is not relevant to the regulatory decision

or that there is a less burdensome way to resolve the issues, you should follow the procedures outlined in the "A

Suggested Approach to Resolving Least Burdensome Issues" document. It is available on our Center web page at:

http://www.fda-gov/MedicalDevices/DeviceRegulationanldGuidance/Overview/MedicalDeviceProvisionsofFDAModer
nizationAct/ucml 36685.htm.

If after 30 days the additional information (Al), or a request for an extension of time, is not received, we will
discontinue review of your submission and proceed to delete your file from our review system (21 CFR

807.87(l)). Please note our guidance document entitled, "Guidance for Industry and FDA Staff, FDA and Industry
Actions on Premarket Notification (510(k)) Submissions: Effect on FDA Review Clock and Performance
Assessment". If the submitter does submit a written request for an extension, FDA will permit the 510(k) to
remain on hold for up to a maximum of 180 days from the date of the Al request. The purpose of this document is

to assist agency staff and the device industry in understanding how various FDA and industry actions that may be
taken on 510(k)s should affect the review clock for purposes of meeting the Medical Device User Fee and
Modernization Act. You may review this document at
htp://www.fda.cov/Medica]Devices/DeviceRegulationandGuidance/GuidanceDocuments/ucmO

89 73 5.htm. Pursuant

to 21 CFR 20.29, a copy of your 510(k) submission will remain in the Office of Device Evaluation. If you then
wish to resubmit this 510(k) notification, a new number will be assigned and your submission will be considered a

new premarket notification submission.
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Please remember that the Safe Medical Devices Act of 1990 states that you may not place this device into
commercial distribution until you receive a decision letter from FDA allowing you to do so.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological Health
Document Control Center W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

March 02, 2011

ULTRADENT PRODUCTS, INC. 510k Number: Kl 10582
505 WEST 10200 SOUTH Received: 3/1/2011
SOUTH JORDAN, UTAH 84095
ATTN: DIANE ROGERS Product: VALO CORDLESS

The Food and Drug Administration (FDA), Center for Devices and Radiological Health (CDRH), has received
the Premarket Notification, (5 10(k)), you submitted in accordance with Section 5 10(k) of the Federal Food,
Drug, and Cosmetic Act(Act) for the above referenced product and for the above referenced 510(k) submitter.
Please note, if the 5 10(k) submitter is incorrect, please notify the 5 10(k) Staff immediately. We have assigned
your submission a unique 510(k) number that is cited above. Please refer prominently to this 510(k) number in
all future correspondence that relates to this submission. We will notify you when the processing of your
510(k) has been completed or if any additional information is required. YOU MAY NOT PLACE THIS
DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE A LETTER FROM FDA
ALLOWING YOU TO DO SO.

Please remember that all correspondence concerning your submission MUST be sent to the Document Mail
Center (DMC) at the above letterhead address. Correspondence sent to any address other than the one above
will not be considered as part of your official 5 10(k) submission.

On September 27, 2007, the President signed an act reauthorizing medical device user fees for fiscal years 2008
- 2012. The legislation - the Medical Device User Fee Amendments of 2007 is part of a larger bill, the Food
and Drug Amendments Act of 2007. Please visit our website at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Overview/MedicalDeviceUserFeeandMod
ernizationActMDUFMA/default.htm
for more information regarding fees and FDA review goals. In addition, effective January 2, 2008, any firm
that chooses to use a standard in the review of ANY new 5 10(k) needs to fill out the new standards form
(Form 3654) and submit it with their 510(k). The form may be found at
http://www.fda.gov/AboutFDA/ReportsManualsForms/Forms/default.htm.

We remind you that Title VIII of the Food and Drug Administration Amendments Act of 2007 (FDAAA)
amended the PHS Act by adding new section 402() (42 U.S.C. § 282()), which expanded the current database
known as ClinicalTrials.gov to include mandatory registration and reporting of results for applicable clinical
trials of human drugs (including biological products) and devices. Section 402() requires that a certification
form http://www.fda.2ov/AboutFDA/ReportsManualsForms/Forms/default.htm accompany 510(k)/HDE/PMA
submissions. The agency has issued a draft guidance titled: "Certifications To Accompany Drug, Biological
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Product, and Device Applications/Submissions: Compliance with Section 4020) of The Public Health Service Act,
Added By Title Vill of The Food and Drug Administration Amendments Act of 2007"
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/HowtoMarketYourDevice/PremarketSubmissio
ns/PremarketNotification5l0k/ucml34034.htm. According to the draft guidance, 510(k) submissions that do not
contain clinical data do not need the certification form.

Please note the following documents as they relate to 510(k) review: 1) Guidance for Industry and FDA Staff
entitled, "Interactive Review for Medical Device Submissions: 51 0(k)s, Original PMAs, PMA Supplements,
Original BLAs and BLA Supplements". This guidance can be found at
http://www.fda.uov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089402.htm. Please
refer to this guidance for information on a formalized interactive review process. 2) Guidance for Industry and FDA
Staff entitled, "Format for Traditional and Abbreviated 510(k)s". This guidance can be found at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/
ucm084365.htm. Please refer to this guidance for assistance on how to format an original submission for a
Traditional or Abbreviated 5 10(k).

In all future premarket submissions, we encourage you to provide an electronic copy of your submission. By doing
so, you will save FDA resources and may help reviewers navigate through longer documents more easily. Under
CDRH's e-Copy Program, you may replace one paper copy of any premarket submission (e.g., 5 10(k), IDE, PMA,
HDE) with an electronic copy. For more information about the program, including the formatting requirements,
please visit our web site at
http://www.fda.yov/MedicalDevices/DeviceRegulationandGuiidance/HowtoMarketYourDevice/PremarketSubm-issio
ns/ucm134508.html. In addition, the 510(k) Program Video is now available for viewing on line at
http://www.fda.izov/MedicalDevices/DeviceRegulationandGuidance/HowtoMarketYourDevice/PremarketSubmissio
ns/PremarketNotification510k/ucmO7O201.htm .

Please ensure that whether you submit a 510(k) Summary as per 21 CFR 807.92, or a 510(k) Statement as per
21 CFR 807.93, it meets the content and format regulatory requirements.

Lastly, you should be familiar with the regulatory requirements for medical devices available at Device Advice
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/default.htm. If you have questions on the status
of your submission, please contact DSMICA at (301)796-7100 or the toll-free number (800)638-2041 , or at their
internet address http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/default.htm. If you have
procedural questions, please contact the 510(k) Staff at (301)796-5640.

Sincerely,

5 10(k) Staff
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Site: nul Page 1 of I

Farm Approved. OMI No. 091F I.5 Sec Instictions for ON10 SttemUci

DEPARTMENT OF HEALTH AND HUMAN SERVICES PAYMENT IDENTIFICATION NUMBER, 
FOOD AND DRUG ADMINISTRATION PAYMENT Ientification number 
MEDICAL DEVICE USER FEE COVER SHEET Write the Payment Identification number on your check.

A completed cover sheet must accompany each original application or supplement subject to fees. If payment is sent by U.S. mail or
courier, please include a copy of this completed form with payment. Payment and mailing instructions can be found at:
http://www.fda.gov/oc/mdufma/coversheet.html

1. COMPANY NAME AND ADDRESS (include name, street 2. CONTACT NAME
address, city state, country, and post office code) Diane Rogers

2.1 E-MAIL ADDRESS
ULTRADENT PRODUCTS INC diane.rogers@ultradent.com
505 West 10200 South
South Jordan UT 84095 2.2 TELEPHONE NUMBER (include Area code)
US 801-553-4491

1.1 EMPLOYER IDENTIFICATION NUMBER (EIN) 2.3 FACSIMILE (FAX) NUMBER (Include Area code)
57 801-553-4609

3. TYPE OF PREMARKET APPLICATION (Select one of the following in each column; if you are unsure, please refer to the application
descriptions at the following web site: http://w .fda.govoc/mdufma
Select an application type: 3.1 Select a center
[XI Premarket nobfication(510(k)); except for third party (X] CDRH
(] 513(g) Request for Information (] CBER
[] Biologics License Application (BLA) 3.2 Select one of the types below
[] Premarket Approval Application (PMA) [X] Original Application

Modular PMA Supplement Types:
[] Product Development Protocol (PDP) [] Efficacy (BLA)
[ Premarket Report (PMR) []Panel Track (PMA, PMR, PDP)
[ Annual Fee for Periodic Reporting (APR) [] Real-Time (PMA, PMR, PDP)
[] 30-Day Notice [] 180-day (PMA, PMR, PDP)

4. ARE YOU A SMALL BUSINESS? (See the instructions for more information on determining this status)
[] YES, I meet the small business criteria and have submitted the required [X] NO, I am not a small business

qualifying documents to FDA
4.1 If Yes, please enter your Small Business Decision Number:

5. FDA WILL NOT ACCEPT YOUR SUBMISSION IF YOUR COMPANY HAS NOT PAID AN ESTABLISHMENT REGISTRATION FEE
THAT IS DUE TO FDA. HAS YOUR COMPANY PAID ALL ESTABLISHMENT REGISTRATION FEES THAT ARE DUE TO FDA?
[X] YES (All of our establishments have registered and paid the fee, or this is our first device, and we will register and pay the fee within

30 days of FDA's approval/clearance of this device.)
I] NO (If "NO," FDA will not accept your submission until you have paid all fees due to FDA. This submission will not be processed; see
http://www.fda.gov/cdrh/mdufma for additional information)

6. IS THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCEPTIONS? IF SO, CHECK THE
APPLICABLE EXCEPTION.
(]This application is the first PMA submitted by a qualified small business, [] The sole purpose of the application is to support
including any affiliates conditions of use for a pediatric population

[] This biologics application is submitted under section 351 of the Public [] The application is submitted by a state or federal

Health Service Act for a product licensed for further manufacturing use only government entity for a device that is not to be distributed
commercially

7. IS THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES WERE WAIVED DUE TO SOLE USE IN A
PEDIATRIC POPULATION THAT NOW PROPOSES CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application is
subject to the fee that applies for an original premarket approval application (PMA).
[] YES [X] NO

PAPERWORK REDUCTION ACT STATEMENT
Public reporting burden for this collection of information is estimated to average 18 minutes per response, including the time for reviewing
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of
information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden, to the address below.

Department of Health and Human Services, Food and Drug Administration, Office of Chief Information Officer, 1350 Piccard Drive, 4th
Floor Rockville, MD 20850
[Please do NOT return this form to the above address, except as it pertains to comments on the burden estimate.]

8. USER FEE PAYMENT AMOUNT SUBMITTED FOR THIS PREMARKET APPLICATION
15-Feb-2011

Fonn FDA 3601 (0/20(7)

"Close Window" Print Cover sheet

https://userfees.fda.gov/OA HTM L/idu fmaCSC hCiftemsPoup.jsp?vcname=Diane%20... 2/15/2011

(b) (4)

(b) (4)

(b) (4)
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SCREENING CHECKLIST
FOR ALL PREMARKET NOTIFICATION [510(k)] SUBMISSIONS

510(k) Number:

The cover letter clearly identifies the type of 510(k) submission as (Check the
appropriate box):

Special 510(k) - Do Sections 1 and 2

0 Abbreviated 510(k) - Do Sections 1, 3 and 4

0 Traditional 510(k) or no identification provided - Do Sections 1 and 4

Section 1: Required Elements for All Types of 510(k) submissions:

Present Inadequate
or Missing

Cover letter, containing the elements listed on page 3-2 of the
Premarket Notification [510)] Manual. V7

Table of Contents. </
Truthful and Accurate Statement.
Device's Trade Name, Device's Classification Name and
Establishment Registration Number.
Device Classification Regulation Number and Regulatory Status
(Class I, Class II, Class III or Unclassified).
Proposed Labeling including the material listed on page 3-4 of the
Premarket Notification 1510)] Manual. /
Statement of Indications for Use that is on a separate page in the
premarket submission.
Substantial Equivalence Comparison, including comparisons of
the new device with the predicate in areas that are listed on page
3-4 of the Premarket Notification [510)] Manual.
510(k) Summary or 510(k) Statement.
Description of the device (or modification of the device) including
diagrams, engineering drawxings, photographs or service manuals.
Identification of legally marketed predicate device. *
Compliance vith performance standards. * [See Section 514 of
the Act and 21 CFR 807.87 (d).] V
Class III Certification and Summary. **
Financial Certification or Disclosure Statement for 510(k)
notifications with a clinical study. * [See 21 CFR 807.87 (i)] _ ___

510(k) Kit Certification *** z

* - May not be applicable for Special 510(k)s.
** - Required for Class III devices, only.

- See pages 3-12 and 3-13 in the Premarket Notification [510)] Manual and the
Convenience Kits Interim Regulatory Guidance.
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Section 2: Required Elements for a SPECIAL 510(k) submission:

Present Inadequate
or Missing

Name and 510(k) number of the sponsor's own, unmodified
predicate device. V
A description of the modified device and a comparison to the
sponsor's predicate device. /
A statement that the intended use(s) and indications of the
modified device, as described in its labeling, are the same as the
intended uses and indications for the sponsor's unmodified
predicate device.
A statement that the modification has not altered the fundamental
technology of the sponsor's predicate device.
A Design Control Activities Summary that includes the following
elements (a-e):

a. Identification of Risk Analysis method(s) used to assess the
impact of the modification on the device and its components, and
the results of the analysis.
b. Based on the Risk Analysis, an identification of the required
verification and validation activities, including the methods or
tests used and the acceptance criteria to be applied.
c. A Declaration of Conformity with design controls that includes
the following statements:

A statement that, as required by the risk analysis, all
verification and validation activities were performed by the
designated individual(s) and the results of the activities
demonstrated that the predetermined acceptance criteria were
met. This statement is signed by the individual responsible
for those particular activities.
A statement that the manufacturing facility is in conformance
with the design control procedure requirements as specified
in 21 CFR 820.30 and the records are available for review.
This statement is signed by the individual responsible for
those particular activities.

/o3
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Section 3: Required Elements for an ABBREVIATED 510(k)* submission:

Present Inadequate
or Missing

For a submission, which rches on a guidance document and/or
special control(s), a summary report that describes how the
guidance and/or special control(s) was used to address the risks
associated with the particular device type. (If a manufacturer
elects to use an alternate approach to address a particular risk,
sufficient detail should be provided to justify that approach.)
For a submission, which relies on a recognized standard, a
declaration of conformity [For a listing of the required elements
of a declaration of conformity, SEE Required Elements for a
Declaration of Conformity to a Recognized Standard, which
is posted with the 510(k) boilers on the H drive.]
For a submission, which relies on a recognized standard without a
declaration of conformity, a statement that the manufacturer
intends to conform to a recognized standard and that supporting
data will be available before marketing the device.
For a submission, which relies on a non-recognized standard that
has been historically accepted by FDA, a statement that the
manufacturer intends to conform to a recognized standard and
that supporting data will be available before marketing the device.
For a submission, which relies on a non-recognized standard that
has not been historically accepted by FDA, a statement that the
manufacturer intends to conform to a recognized standard and
that supporting data will be available before marketing the device
and any additional information requested by the reviewer in order
to determine substantial equivalence.
Any additional information, which is not covered by the guidance
document, special control, recognized standard and/or non-
recognized standard, in order to determine substantial
equivalence.

* - When completing the review of an abbreviated 510(k), please fill out an
Abbreviated Standards Data Form (located on the I-1 drive) and list all the guidance
documents, special controls, recognized standards and/or non-recognized
standards, which were noted by the sponsor.
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Section 4: Additional Requirements for ABBREVIATED and TRADITIONAL
510(k) submissions (If Applicable):

Present Inadequate
or Missing

a) Biocompatibility data for all patient-contacting materials, OR
certification of identical material/formulation:

b) Sterilization and expiration dating information:
i) sterili71tion nroceqq
ii) volidatinn method nf sterili-ration ornress
iii) SAT __________________

iv) neckwping
v) snecify nvropen free
vi) FTO resirneS

vii) radiation dose
c) Software Documentation:

Items with checks in the "Present but Deficient" column require additional
information from the sponsor. Items with checks in the "A issing" column must be
submitted before substantive review of the document.

Passed Screening _- Yes -No
Reviewer:
Concurrence by Review Branch:

Date:

The deficiencies identified above represent the issues that we believe need to be resolved
before our review of your 510(k) submission can be successfully completed. In developing
the deficiencies, we carefully considered the statutory criteria as defined in Section 513(i) of
the Federal Food, Drug, and Cosmetic Act for determining substantial equivalence of your
device. We also considered the burden that may be incurred in your attempt to respond to
the deficiencies. We believe that we have considered the least burdensome approach to
resolving these issues. If, however, you believe that information is being requested that is
not relevant to the regulatory decision or that there is a less burdensome way to resolve the
issues, you should follow the procedures outlined in the "A Suggested Approach to
Resolving Least Burdensome Issues" document. It is available on our Center web page at:
http://vwwv.fda.gov/cdrh/modnct/lcastburdensome.html
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

E Traditional Z Special L Abbreviated

STANDARD TITLE '

ANSI/ADA Specification #48

Please answer the following questions Yes No

Is this standard recognized by FDA 2'?. .

FDA Recognition number3 . . . . . . . . . ... .

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? .................................................................

Is a summary report4 describing the extent of conformance of the standard used included in the
5 10 (k)? ................... .. ..... H..................
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ..................................................................

Does this standard include acceptance criteria? ........................................ H
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? ................. .. ............. H 7
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard?.................................... O Z
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) I?.............. 0

Were deviations or adaptations made beyond what is specified in the FDA SIS? 7................................ E
If yes, report these deviations or adaptations in the summary report table.

W ere there any exclusions from the standard? ................ .... ............ ] 0
If yes, report these exclusions in the summary report table.

Is there an FDA guidance that is associated with this standard? H................................ O
If yes, was the guidance document followed in preparation of this 510k? ................... .............. H H
Title of guidance:

The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this
ftitle of standard] [date of publication) standard. The summary report includes information on all standards

2 Authority [21 U.S.C. 360d], www.fda.gov/cdrh/stdsprog.html utilized during the development of the device.

a http://www.accessdata.fda gov/scripts/cdrh/cfdocs/cfStandards/ 5 The supplemental information sheet (SIS) is additional information
search.cfm which is necessary before FDA recognizes the standard. Found at

The summary repori should include: any adapiations used to adapi http:/www.accessdata.fda gov/sdripts/cdrhcfdocs/cfStandards/

to the device under review (for example, alternative test methods); search.cfm

choices made when options or a selection of methods are described a The online search for CDRH Guidance Documents can be found at
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.htm
device; and the name and address of the test laboratory or

FORM FDA 3654 (9107) Page 1 psco A,3,komer oW Er
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

STANDARD TITLE
IEC 60601-1 Medical electrical ewuipment - Part 1: General requirements for basic safety and essential performance

CONFORMANCE WITH STANDARD SECTIONS*
SECTION NUMBER SECTION TITLE CONFORMANCE?

Entire document Visible Light Curing Units Q Yes O No D N/A

TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Ol Yes E No E N/A
TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes No N/A

TYPE OF DEVIATION OR OPTION SELECTED 4

DESCRIPTION

JUSTIFICATION

* For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica-
tion" on the report. More than one page may be necessary.
Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of infonnation is estimated to average I hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsor and a person is not required to respond to, a collection of information
unless it displays a currently valid OMB control number

FORM FDA 3654 (9/07) Page 2
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See OMB Statement on Reverse. Form Approved: OMB No. 0910-0616. Expiration Date: 10-31-2011

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Food and Drug Administration

Certification of Compliance, under 42 U.S.C. § 2820)(5)(B), with
Requirements of ClinicalTrials.gov Data Bank (42 U.S.C. § 282())

(For submission with an application/submission, including amendments, supplements, and resubmissions, under §§ 505, 515, 520(m), or 510(k) of the
Federal Food, Drug, and Cosmetic Act or § 351 of the Public Health Service Act.)

SPONSOR I APPLICANT I SUBMITTER INFORMATION
1. NAME OF SPONSOR/APPLICANT/SUBMITTER 2. DATE OF THE APPLICATION/SUBMISSION

WHICH THIS CERTIFICATION ACCOMPANIES
Ultradent Products, Inc.

February 1, 201I
3. ADDRESS (Number, Street, State, and ZIP Code) 4. TELEPHONE AND FAX NUMBERS

(include Area Code)

505 West 10200 South (Tel.) (801) 553-4491

South Jordan, UT 84095

(Fax) (801) 553-4609

PRODUCT INFORMATION
5. FOR DRUGSIBIOLOGICS: Include Any/All Available Established, Proprietary and/or Chemical/Biochemical/Blood/Cellular/Gene Therapy Product Name(s)

FOR DEVICES: Include Any/All Common or Usual Name(s), Classification. Trade or Proprietary or Model Name(s) and/or Model Number(s)
(Attach extra pages as necessary)

APPLICATION / SUBMISSION'INFORMATION;.
6. TYPE OF APPLICATION/SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES

F INO NDA [ ANDA [ BLA H PMA H HDE a 510(k) H POP H Other

7. INCLUDE IND/NDA/ANDA/BLA/PMA/HDE/510(k)/PDP/OTHER NUMBER (i number previously assigned)

8. SERIAL NUMBER ASSIGNED TO APPLICATION/SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES

CERTIFICATION STATEMENT / INFORMATION
9. CHECK ONLY ONE OF THE FOLLOWING BOXES (See instructions for additional information and explanation)

A. I certify that the requirements of 42 U.S.C. § 282(), Section 402()) of the Public Health Service Act, enacted by 121 Stat. 823, Public Law
110-85. do not apply because the application/submission which this certification accompanies does not reference any clinical trial.

B. I certify that the requirements of 42 U.S.C. § 282(j), Section 402(j) of the Public Health Service Act, enacted by 121 Stat. 823, Public Law
110-85, do not apply to any clinical trial referenced in the application/submission which this certification accompanies.

C. I certify that the requirements of 42 U.S.C. § 282(), Section 402() of the Public Health Service Act, enacted by 121 Stat. 823, Public Law
110-85, apply to one or more of the clinical trials referenced in the application/submission which this certification accompanies and that
those requirements have been met.

10. IF YOU CHECKED BOX C, IN NUMBER 9, PROVIDE THE NATIONAL CLINICAL TRIAL (NCT) NUMBER(S) FOR ANY "APPLICABLE CLINICAL TRIAL(S),'
UNDER 42 U.S.C. § 282()(1)(A)(i), SECTION 402(j)(1)(A)(i) OF THE PUBLIC HEALTH SERVICE ACT, REFERENCED IN THE APPLICATIONI
SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES (Attach extra pages as necessary)

NCT Number(s):

The undersigned declares, to the best of her/his knowledge, that this is an accurate; true, and complete submission of.information Iunderstand that the
failure to submit the certification required by,42 U.S.C. § 2820)(5)(B), section 402(j)(5)(B),of the Public.Health Service Act,-and the knowing submission
of a false cerification under such section are prohibited acts under 21 U.S.C. § 331;section 301 of the Federal Food, Drug, and Cosmetic Act. .
Warning:.A willfully and knowingly false statement is a~criminil offense, U.S. Code, title18, section 1001.-
11. SIGNATURE OF SPONSOR/APPLICANTSUBMITTER OR AN 12. NAME AND TITLE OF THE PERSON WHO SIGNED IN NO. 11

AUTHORIZED REPRESENTATIVE (Sign) Diane Rogers
(Name)

(Title) Regulatory Affairs Manager

13. ADDRESS (Number, Street, State, and ZIP Code) (ofperson identified 14. TELEPHONE AND FAX NUMBERS 15. DATE OF
in Nos. 11 and 12) (Include Area Code) CERTIFICATION

(801) 553-4491
505 West 10200 Soutlh (Tel.) F.......................'ebru . 2011
South Jordan, Utah 84095 (801)553-4609

(Fax) (81 553460

Form FDA 3674 (11/08) (FRONT) Wi coniJ.iI}'M
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approval
FOOD AND DRUG ADMINISTRATION OMB No. 0910-0120

Expiration Dale: December 31. 2013CDRH PREMARKET REVIEW SUBMISSION COVER SHEET SeeOMB Statementonpage. 
Date of Submission User Fee Payment ID Number FDA Submission Document Number (if known)

February 1, 2011 

PMA PMA & HDE Supplement PDP 510(k) Meeting

Original Submission Regular (180 day) O] Original POP Original Submission: 0 Pre-510(K) Meeting
Premarket Report Special Notice of Completion Traditional Pre-IDE Meeting
Modular Submission Panel Track (PMA Only) E Amendment to POP F]Special E Pre-PMA Meeting

B Amendment 30-day Supplement Abbreviated (Complete ] Pre-POP Meeting
B Report 30-day Notice 0 section 1, Page5) Day 100 Meeting
B Report Amendment 0 135-day Supplement EAdditional Inrormation O Agreement Meeting

Licensing Agreement Real-time Review Third Party O] Determination meeting

Amendment to PMA & Other (specify):HDE Supplement

Other

IDE Humanitarian Device Class II Exemption Petition Evaluation of Automatic Other Submission
Exemption (HDE) Class III Designation

(Do Novo)
Original Submission Original Submission Original Submission Original Submission B 513gt)

Amendment n Amendment Additional Information w Additional Information B]other
Supplement Supplement (describe submission):

Report
Report Amendment

Have you used or cited Standards in your submission? BYes B No (if Yes, please complete Section 1, Page 5)

Company / Institution Name Establishment Registration Number (if known)

Ultradent Products Inc. 1718912

Division Name (if applicable) Phone Number (including area code)

(801) 553-4491

Street Address FAX Number (including area code)

505 West 10200 South (801 553-4609

City State / Province ZIP/Postal Code Country

South Jordan Utah 84095 USA

Contact Name

Diane Rogers

Contact Title Contact E-mail Address

Regulatory Affairs Manager diane.rogers ultadent.com

Company / Institution Name

Division Name (if applicable) Phone Number (including area code)

Street Address FAX Number (including area code)

City State / Province ZIP Code Country

Contact Name

Contact Title Contact E-mail Address

FORM FDA 3514 (12/10) Page 1 of 5 Pages
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New Device Change in design, component, or Location change
Withdrawal specification: [ Manufacturer

F Additional or Expanded Indications O Software/ Hardware ] sterilizer

] Request for Extension Color Additive Packager
R Post-approval Study Protocol Material
fl Request for Applicant Hold Specifications

P Request for Removal of Applicant Hold O Other (specify below) Report Submission:
7 Request to Remove or Add Manufacturing Site Annual or Periodic

flPost-approval Study
H Process change: Labeling change: H av R tnF]Adverse Reaction

Manufacturing ] Packaging E]Indications
H Sterilization rz Instructions H eice tAmendment

Other (specify below) Performance Characteristics
Shelf Life
Trade Name H Change in Ownership

H Other (specify below) ] Change in Correspondent
Response to FDA correspondence H Change of Applicant Address

O other Reason (specify)

O New Device O Change in: H Response to FDA Letter Concerning
New indication [ Correspondent/Applicant Conditional Approval
Addition of Institution E Design/Device 0 Deemed Approved

Expansion / Extension of Study informed Consent Deficient Final Report
SIRB Certification Manufacturer Deficient Progress Report

H Termination of Study Manufacturing Process Deficient investigator Report
H Withdrawal of Application E Protocol - Feasibility Disapproval
I Unanticipated Adverse Effect E Protocol - Other Request Extension of
H Notification of Emergency Use Sponsor Time to Respond to FDA

H Compassionate Use Request 0 Request meeting
H Treatment IDE E Report submission: ] Request Hearing

]Continued Access E Current Investigator
H Annual Progress Report
E Site Waiver Report
H Final

H Other Reason (specify):

New Device Additional or Expanded Indications Change in Technology

Other Reason (specify):

FORM FDA 3514 (12/10) Page 2 of 5 Pages
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Product codes of devices to which substantial equivalence is claimed Summary of, or statement concerning,
II I safety and effectiveness information1I EB 21 13 4

!51 E 510 (1k) summary attached
5 6 7 8 510 (k) statement

Information on devices to which substantial equivalence is claimed (if known)

510{k) Number Trade or Proprietary or Model Name Manufacturer

K083647 Valo Ultradent Products Inc.
1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

Common or usual name or classification name

VALO Cordless

. Trade or Proprietary or Model Name for This Device e Model Number

1 VALO Cordless 1

2 2

3 3

4 4

5 5

FDA document numbers of all prior related submissions (regardless of outcome)

1 083647 2 3 4 5 6

7 8 9 10 11 12

Data Included in Submission
Laboratory Testing E] Animal Trials Human Trials

Product Code C.F.R. Section (if applicable) Device Class

FB. 872-6070 E Class I Class II
Classification Panel

Dental E Class III Unclassified

Indications (from labeling)
Source of illumination for curing photo-activated dental restorative materials and adhesives

FORM FDA 3514 (12/10) Page 3 of 5 Pages
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FDA Document Number (if known)
Note: Submission of this information does not affect the need to submit a 2891 or
2891a Device Establishment Registration form.

O riginal Facility Establishment Identifier (FEt) Number manufacturer Contract Steritizer

F Add Delete Contract Manufacturer Repackager I Relabeler

Company / Institution Name Establishment Registration Number

Division Name (if applicable) Phone Number (including area code)

Street Address FAX Number (including area code)

City State / Province ZIP Code Country

Contact Name Contact Title Contact E-mail Address

Original Facility Establishment Identifier (FEI) Number Manufacturer a contract Stenlizer

Add Delete Contract Manufacturer [ Repackager / Relabeler

Company / Institution Name Establishment Registration Number

Division Name (if applicable) Phone Number (including area code)

Street Address FAX Number (including area code)

City State / Province ZIP Code Country

Contact Name Contact Title Contact E-mail Address

O original Facility Establishment Identifier (Ft) Number O Manufacturer contract Sterilizer

H Add Delete Contract Manufacturer Repackager I Relabeler

Company / Institution Name Establishment Registration Number

Division Name (if applicable) Phone Number (including area code)

StreetAddress FAX Number (including area code)

City State / Province ZIP Code Country

Contact Name Contact Title Contact E-mail Address

FORM FDA 3514 (12/10) 'Add Continuation Page Page 4 of 5 Pages
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Note: Complete this section if your application or submission cites standards or includes a "Declaration of Conformity to a Recognized
Standard" statement.

Standards No. Standards Standards Title Version Date
Organ izatiron

IEC 60601-1 iEC Medical Electrical Equipmeint - Part I General requirements for basic Third editionIEC safety and essential performance.
1 12/15/2005

Standards No. Standards Standards Title Version Date
Organization

ANSIlADA ANSI/ADA Visible Curing lights 2004

2 Speciflication #48 OS/25/2004

Standards No. Standards Standards Title Version Date
Organization

3

Standards No. Standards Standards Title Version Date
Organization

4

Standards No. Standards Standards Title Version Date
Organization

5

Standards No. Standards Standards Title Version Date
Organization

6

Standards No. Standards Standards Title Version Date
Organization

7

Please include any additional standards to be cited on a separate page.

Public reporting bur den for IIhis collection of infor amition is estimated to average 0.5 hour per response, including the time For revie, *ing instruetions. searching
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this brrden
estimate or any other aspect of this collection of inormation, including suggestUons for reducing this burden to:

Department or iealth and I loman Services
Food and Drug Administration
Office ofiChief Information Officer
1350 Piecard Drive, Room 400
Rockville, MD 20850

An ogence main not conduct or sponsor, and a person is not required to respond to, a collection of infornation unless it displays a currentlY valid OlB control nunber.

FORM FDA 3514 (12/10) Page 5 of 5 Pages
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SPECIAL 510(k) Premarket Notification

VALO® Cordless
Ultraviolet activator for polymerization

Ultradent Products, Inc.
505 West 10200 South

South Jordan, UT 84095

Establishment Registration Number 1718912

VALO@ Cordless Special 510(k)
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February 21, 2011

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center (HFZ-401) FDA CDR
10903 New Hampshire Avenue
Silver Spring, MD 20850 MAR

RE: Special 510(k) for VALO' m Cordless

Dear Sir or Madam,

In compliance with the Code of Federal Regulations, Section 807, subpart E, regarding Premarket
Notification (510(k), Ultradent Products, Inc., hereby notifies the FDA of its intent to market a revised
ultraviolet activator for polymerization, similar to our VALO (K083647). The enclosed Special 510(k)
submission is considered proprietary and falls within the confidentiality of information as stipulated by
Section 807.95 of the Code of Federal Regulations.

The new product is classified as follows:

Device: Ultraviolet activator for polymerization
Trade/Device Name: VALO® Cordless
Regulation Number: CFR 872.6070
Device Class: Class 11
Product Code: EBZ

The enclosed information is true and correct to the best of my knowledge and no material facts have
been omitted. A check for $4348.00 for the submission fee has been sent under separate cover
(payment identification number MD6054282-956733). Please do not hesitate to contact me if you
require any clarification or information.

Sincerely,

Diane Rogers'
Regulatory Affairs Manager
TEL: 800-552-5512 x4491, 801-553-4491
FAX: 801-553-4609
Email: Diane.Rogers@Ultradent.com

VALO@ Cordless Special 5 10(k) 2
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Section 1

Introduction

Introduction
Description
Indications for Use
Substantial Equivalence
Truthful and Accurate Statement
Special 510(k) Premarket Summary
Statement of Indications for Use
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Description: Valo® Cordless is a visible light activator for polymerization of dental resins. In
other words, it is a dental curing light used for polymerization of all photo-initiated dental
materials.

Indications for Use: Source of illumination for curing photo-activated dental restorative
materials and adhesives.

Substantial equivalence: VALOO Cordless and VALO* (K083647) are similar in that they are
dental curing lights.

Comparison Table

VALO® VALO* Cordless

(K083647)

Wall powered, 9VDC, Same
medical grade with

adapters for International
capability

UL Approved

Indications For Use Source of illumination for Same
curing photo-activated

dental restorative
materials and adhesives.

Structure Ergonomic wand Same

Light Blue and UV wavelengths Same

Current control Regulates current in the Same
light source

Buttons Two buttons that function Same
the light

Power ON button Located on handle of wand Same

Power cord 8' length Same

Time Device indicates time and Same
time selection

VALO@ Cordless Special 510(k) 5
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PREMARKET NOTIFICATION
TRUTHFUL AND ACCURATE STATEMENT

I certify in my capacity as a Regulatory Affairs Manager of Ultradent Products, Inc., I believe, to
the best of my knowledge, that all data and information submitted in the premarket
notification are truthful and accurate and that no material fact has been omitted.

Diane Rogers Date
Regulatory Affairs Manager

State of Utah, County of Salt Lake
Subscribed and sworn to before me
this aday of 0OV\ (0.JL 2011

Andrea Smith, otary Public

ANDREA J. SMITH
NOTARY PUBLIC - STATE OF UTAH

Commission No. 575044
My Comm. Exp. 06/18/2012

50 ''s9020Sot
02'ULTRADEN-~~~~ Sot ..dUa 805 S
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SPECIAL 510(K) PREMARKET SUMMARY

VALO* Cordless

This summary of the Special 510(k) substantial equivalence information is being submitted in
accordance with the requirements of 21 CFR 807 for VALO Cordless.

Applicant's Name and Address

Ultradent Products, Inc.
505 West 10200 South
South Jordan, UT 84095

Contact Person: Diane Rogers
Title: Regulatory Affairs Manager
Telephone: 800-552-5512 x4491, 801-553-4491
FAX: 801-553-4609
Date Summary Prepared: February 21, 2011

Name of the Device

Trade Name: VALOO Cordless
Common Name: Activator, ultraviolet for polymerization
Device Classification: II
Classification Product Code: EBZ

Legally Marketed Predicate Device to Which Equivalence is Claimed

The predicate device is VALO* (K083647). This device is manufactured and distributed by Ultradent
Products, Inc., 505 West, 10200 South, South Jordan, Utah 84095.

Product Description: Valo® Cordless is a visible light activator for polymerization of dental
resins. In other words, it is a dental curing light used for polymerization of all photo-initiated
dental materials.

Indications for Use: Source of illumination for curing photo-activated dental restorative
materials and adhesives.

VALO@ Cordless Special 510(k) 7
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Statement of Indications for Use

510(k) Number (if known):

Device Name: VALO® Cordless

Indications for Use:

Source of illumination for curing photo-activated dental restorative materials and
adhesives.

Prescription Use X Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE OF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page 1 of 1

(Posted November 13, 2003)

VALO@ Cordless Special 510(k) 8
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Section II

Labeling for VALO® Cordless

Primary labeling
Instructions for Use

VALO9 Cordless Special 510(k)
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Notice of names used in VALO@ Cordless 510(k)

Valo, VALO Cordless, VALO@ Cordless, VALO CORDLESS, and VALO SCOUT are all
names used during development of the VALO@ Cordless. Some documents use these names,
but all documents in this 510(k) refer to Ultradent's VALO@ Cordless product.

Diane Rogers gate
Regulatory Affairs Manager
Ultradent Products, Inc.

VALO® Cordless Special 510(k) 10
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INSTRUCTIONS FOR USE

WARNING

Read all instructions before operating this unit.

The VALO® Cordless curing light emits extremely high intensity light waves and must only be used as
indicated in this manual.

+ DO NOT look directly into the light output. Patient, clinician and assistants should wear UV orange eye
protection when this device is in use.

+ DO NOT expose soft oral tissues at close proximity. Maintain a minimum of 2mm between the lens and
the soft tissue.

+ If using the VALO CORDLESS Curing Light in the Standard Power mode and in close proximity of the
gingival tissue, DO NOT expose tissue for more than 20 seconds. If a 40-second cure is needed, allow 2
minutes between two 20 second cures. If longer curing time is required, consider a dual-cure product
(composite or adhesive).

In Xtra Power Mode, DO NOT expose soft oral tissue for more than 10 seconds. The Xtra Power Mode
has a 2 second safety delay to limit oral tissue heating during consecutive curing. If a longer cure is
needed, allow 2 minutes between consecutive cures or consider a dual-cure product (composite or
adhesive).

Product Information:
Indications for Use: The source of illumination for curing photo-activated dental restorative materials and
adhesives.

The VALO CORDLESS curing light uses a custom, multi-wavelength Light Emitting Diode (LED) for producing the
high intensity light (395 - 480 nm) capable of polymerizing all light cure dental materials. This intensity will also
penetrate porcelain and is capable of curing underlying resin cements similarly to a quality halogen light.

The VALO CORDLESS curing light uses safe Ultradent VALO rechargeable batteries and battery charger.

Contact Information Ultradent Products Inc.
505 West 10200 South
South Jordan, Utah 84095 USA
Customer Service Phone: 801-571-4000 Ext. 4100
Web site: http://www.ultradent.com/

Product Components:
* I - VALO CORDLESS curing light
* 4 - Ultradent VALO rechargeable batteries
* 1 - Ultradent VALO Battery recharger with medical grade S/B 12VDC AC power adaptor

* 50 - VALO CORDLESS Barrier Sleeves

VvA
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Overview of Controls:
Photo Buttons and Ughts Legend

Power Button

Timing tights

Low Battery- Safety Indicator

Mode/Status tight ---

W mming/Mode Change Button I A

Instructions for Use:
I- Remove all components from the packaging and examine them.
2- See section How to Charge Batteries. Place 2 of the batteries in the Ultradent VALO charger. The light on the
charger will change from red to green when the batteries are fully charged (approximately I hour).
3- See section How to Change Batteries. Remove the battery compartment cap at the base of the VAL 0 Cordless
by twisting the silver metal cover counterclockwise 1/8 to 1/4 of a turn.
4- Insert two fully charged batteries plus (+) end first. 5- Replace the battery cover
6- The VALO CORDLESS hand piece beeps when powering on,
7- Selecting the desired mode: The VALO CORDLESS curing light has 3 modes: Standard Power, High Power,
and Xtra Power. Each mode is identified by the Mode/Status light (green = Standard Power, orange = High Power,
and flashing orange = Xtra Power). To change modes hold the Time Change button for 2 seconds and release. The
Mode/Status light will change to the next mode.
NOTE: The VALO CORDLESS curing light is programmed to cycle from the Standard Power to the High Power
to the Xtra Power mode in sequence. For example, to change from the Standard Power mode to the Xtra Power
mode, it is necessary to cycle into the High Power mode and then to the Xtra Power mode.
The VALO CORDLESS curing light always stores its last used timing interval in each mode and will default back
to that timing interval whenever the modes are changed or if the batteries are removed.
SLEEP MODE: The VALO CORDLESS curing light will go into POWER SAVE mode after 30 seconds of
inactivity, as indicated by a slow flashing of the mode/status light. Picking up or touching the unit will wake-up
VALO CORDLESS and automatically return it to the last setting used.
WARNING: Storage and Travel: If storing the VALO CORDLESS for periods longer than 2 weeks, packing it
for travel, or traveling with it, always remove the batteries. If batteries are left in for long periods of time without
recharging they may become non-tinctional and be unable to be recharged or to retain charge.

VALO- Cordless Special 510(k) 13
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Charfina and Changing Batteries
The VALO Cordless comes with 4 rechargeable safe lithium rechargeable batteries.
LOW BATTERIES: The VALO CORDLESS signals the user that it is time to change the batteries when the
Low Battery Indicator Light is flashing red. If the battery charge becomes too low, an audible 3 beep warning sound
will occur and the VALO will not allow further operation until batteries recover or new batteries are inserted.
Battery Charge Expantancy: Battery charge life in the VALO Cordless is dependent on the MODE, TIME interval,
battery type, amount of use, and LED efficiency. Different battery types will last longer than others. In general,
rechargble batteries should last 1 -2 weeks. Non-rechargeable batteries may last 2- 3 time longer.

* Recommended Recharge Interval: To avoid low battery warnings or shut off during a proceedure,
recharge batteries every 1- 2 weeks.

* Extra Batteries: To avoid possible VALO CORDLESS down time, keep an extra set of non-rechargeable
batteries on hand in case batteries get lost or have not been charged. You can order extra rechargeable
batteries as needed.

Battery Life Expectancy: Rechargeable Lithium Iron Phosphate batteries can be recharged approximately 1000 to
2000 times before wearing out. However, in everyday use, batteries may be dropped, scratched, scuffed, lost and
misplaced. Keep a spare set of non-rechargeable CR123 batteries available.

How to change batteries

I. Remove back cap by twisting counter clockwise a quarter turn.
2. Remove batteries
3. Insert fresh batteries positive (+) side first
4. Reattach back cap by aligning and gently pushing while twisting clock wise. The cab will click when fully

attached.
5. The unit is ready for use

WARNING -CAUTION

* VALO CORDLESS will not operate if batteries are put in backwards. If the VALO CORDLESS does not turn on
when fresh batteries are inserted, remove the batteries and check to see that they are inserted correctly with
the positive (+) battery ends pointed forward as shown below.

* if VALO CORDLESS warning indicator LED flashes red when batteries are inserted, remove batteries and insert
freshly charged batteries.

* Do not insert fingers, instruments, or objects into the battery compartment of the VALO Cordless
* Do not attempt to clean the gold contacts of the battery compartment or anywhere in the battery

compartment. Call Ultradent Customer Service if there is a concern.

o71
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How to charge batteries

1. Insert batteries into charger with plus (+) end pointed towards the lights on authorized charger.
2. The charger LEDs will show red indicating that the batteries are charging.
3. When the charger LEDs show green, the batteries are ready for use.
4. Batteries will take about I hour to charge. Leave batteries in charger until ready for use.

WARNING - CAUTION

* Make sure batteries are inserted into the charger in the correct orientation.
* If the red LED on the charger doesn't turn to green, this means a battery may have gone bad and cannot be

charged. Try a new battery or call Ultradent Customer Service to order a new set of batteries.
* If batteries appear to bubble or smell bad, remove batteries from the charger immediately and call Ultradent

Customer Service.
* Do not use batteries if the battery wrapping has become torn or removed from the battery. Replace with a new

battery immediately and recycle old battery.

If necessary, Ultradent authorizes the following alternative batteries and chargers for the VALO Cordless. Other
battery brands will work but they have not been tested and operation life has not been verified.

Authorized Alternate Batteries Authorized Alternate Chargers

Tenergy t 3.6V rechargeable RCR I 23A, 750mAh LiFcPO4  Tenergy® 3.6V RCRI 23 LiFePO, charger
Powerizer 3.6V rechargeable RCRI23A, 450mAh LiFePO4  Powerizer® 3.6 RCRI23 LiFePO 4 charger
Energizer 123: 3.OV non-rechargeable CRI 23A
Duracell" Ultra: 3.0V non-rechargeable CRI23A

WARNING - CAUTION

* Do not mix rechargeable batteries with non-rechargeable batteries.
* Do not charge non-rechargeable batteries.
* Use only safe rechargeable Lithium Iron Phosphate batteries or non-rechargeable batteries.
* Do not store batteries in temperatures over 60"C or in direct sunlight.
* DO NOT autoclave batteries, charger, AC power adaptor, or VALO Cordless

Note: Ultradent does not recommend or authorize any other battery chemistry types or chargers at this time. While other battery types
and chargers will operate with the VALO Cordless, they have not been tested and may not have safe battery chemistry or approved
safety ratings.

Note: Always recycle spent non-rechargeable batteries.

C23
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Quick Mode Guide

Made Standard Power Mode High Power Mode Xtra
Power Level 10mW 1400mW 3200mW

Power Button

Mode/TimingLEDs
** ** ** ** ** *9 ** ** We*

ime Button A A A A A A A A
Time Options 5s Los iss 20s Is 2s 3s 4s 3s Only

To Change Time Press and rele ase Time Button quickley to cycle through time options.

To Change Modes Press and hold the Time Button for 2 seconds and release- VALO will cyde tonext Mode

Legend Solid LEDs Blinking LEDs 4 4

Quick Curing Guide: Recommended Curing Times for Optimal Results with VALO Cordless

Power Level - Standard Mode High Power Mode Xtra Power Mode
Layer 1000mW/cm2  1400mW/cm2  3200mW/cm'

Per Layer One 10 second cure One 4 second cure One 3 second cure

Final Cure One 20 second cure Two 4 second cures Two 3 second cures

Quick Warning Guide
Power level warning Temperature warning Calibration Warning LED warning

Replace batteries Allow cool down Send in for repair Send In for repair
Low battery: quiet flashing 3 beeps No sound, Continuous 3 beeps
Shut off: 3 beeps flashing Quiet flashing Flashing, 2 seconds Flashing
Prohibits operations Prohibits operation Allows operation Prnhibis operations

** *
o4 0 0
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CURING MODE: Standard Power mode - 10OOmW/cm2

USES: Curing of restorative materials with photo initiators.

TIMING INTERVALS: 5, 10,15, 20 seconds

VALO CORDLESS defaults to this mode when it is INITIALLY powered on. The green Status light is on and
the green Timing Lights are solidly illuminated.

To change timing intervals quickly press the Time Change Button
One light= 5 seconds
Two lights=10 seconds
Three lights=15 seconds
Four lights=20 seconds

Press the Power Button to cure. To stop curing prior to completion of a timing interval, press the Power Button
again.

CURING MODE: High Power mode - l400mW/cm2

USES: Initial curing of restorative materials with photo initiators. Tacking of veneers, brackets, and restorative
materials.

TIMING INTERVALS: 1, 2, 3, 4 seconds.

From Standard Power mode, press and hold the Time Button for 2 seconds. The green Timing Lights will
illuminate and flash. The Status Light will illuminate as a steady orange light, indicating High Power mode. A
two-second power tack is the most commonly used timing interval in this mode.

To change timing intervals quickly, press the Time Change Button
One flashing light = I second
Two flashing lights = 2 seconds
Three flashing lights = 3 seconds
Four flashing lights = 4 seconds

Press the Power Button to cure. To stop curing prior to the completion of a timing interval, press the Power Button
again.

To return to Standard Power mode, press and hold the Time Change Button for 2 seconds, release, hold for 2
seconds, and release. The green Status light is on and all 4 timing lights are illuminated.

VALOV Cordless Special 5 10(k) 17
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CURING MODE: tXtra Power mode - 3200mW/cm2

USES: The Xtra Power mode is useful for all dental curing. It is especially valuable for deep curing of
restorative materials, placing thin veneers, attaching orthodontic brackets, and fast curing in pediatric settings.

TIMING INTERVAL: 3 seconds only (Note: there is a 2 second safety delay at the end of each curing cycle)

From the Standard Power mode, press the Time Button for 2 seconds, release, press again for 2 seconds, and release.
Three of the green Timing Lights and the orange Status Light will illuminate and flash indicating Xtra Power mode.

Three green flashing lights = 3 seconds

Press the Power Button to cure. To stop curing prior to completion of a timing interval, press the Power Button
again.

To return to the Standard Power mode, press and hold the Time Button for 2 seconds

NOTE: The VALO CORDLESS curing light is programmed to cycle from the Standard Power mode to the High
Power mode to the Xtra Power mode in sequence. For example, to change from the Standard Power mode to the
Xtra Power mode, it is necessary to cycle into the Power mode and then to the Xtra Power mode.

WARNING - CAUTION

In Xtra Power mode, VALO CORDLESS emits extremely high intensity light in a controlled 3 second burst. The
VALO CORDLESS curing light must only be used as indicated in this manual.

DO NOT look directly into the light output. Patient, clinician and assistants should wear UV orange eye protection
when this device is in use.

DO NOT expose soft oral tissues at close proximity. Maintain a minimum of 2mm between the lens and the soft
tissue.

e DO NOT expose soft oral tissue for more than 10 seconds. The Xtra Power mode has a 2 second safety delay to limit
oral tissue heating during consecutive curing. If a longer cure is needed, allow 2 minutes between consecutive
cures or consider a dual-cure product (composite or adhesive).

t Note: 'Xtra Power' equals Plasma Power levels in the Corded VALO. In this context Plasma refers to 'plasma-like' due to
intense optical output and curing capacity. Actual plasma arc lights generate broad optical output that must be filtered to
reduce harmful short wave ultraviolet radiation.

18 1
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Maintenance and Cleaning

The VALO CORDLESS curing light is a sealed unit with a sapphire-like hard surface and a scratch resistant glass
lens. After each use, moisten a gauze or soft cloth with an anti-microbial surface disinfectant and wipe the surface
and lens.

Periodically check the lens for cured dental resins.
CAUTION: Ensure the VALO CORDLESS lens efficacy and curing effectiveness by using VALO CORDLESS
brand Barrier Sleeves. These sleeves have been designed and optimized specifically for use with the VALO
CORDLESS curing light. In the event that dental resin adheres to the VALO CORDLESS lens, use a non-diamond
dental instrument to carefully remove the resin.
Light meters differ greatly and are designed for specific light guide tips and lens. Ultradent recommends checking
VALO CORDLESS in Standard Power mode. NOTE: the true numeric output will be skewed due the inaccuracy of
common light meters and the custom LED pack VALO CORDLESS uses.

WARNING - CAUTION
+ DO NOT autoclave batteries, charger, power adaptor, or VALO Cordless.

+ DO NOT insert fingers, instruments, or objects into the battery compartment of the VALO Cordless..

v DO NOT attempt to clean the gold contacts of the battery compartment or anywhere in the battery
compartment. Call Ultradent Customer Service if there is a concern.

O DO NOT immerse in any kind of ultrasonic bath or any liquids.

+ DO NOT wipe down the VALO CORDLESS curing light with caustic or abrasive cleaners. See lists of
acceptable cleaners below:

ACCEPTABLE CLEANERS:
* Cavicide products
* Isopropyl alcohol-based cleaners
* Ethyl alcohol-based cleaners
* Lysole disinfectant
* Other non-bleach and non-abrasive disinfectants or cleaners

DO NOT USE:
* Formula 4090 based cleaners
* Bleach-based cleaners (e.g. - CloroxTM, Sterilox)
* Hydrogen Peroxide based cleaners
* Abrasive Cleansers (e.g. - Comet Cleanser")
* Acetone-based cleaners (e.g. - nail polish remover, Goo-offTM)
* MEK

VALO@ Cordless Special 510(k) 19
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Troubleshooting Guide
If the sohitions suggested below do not rectify the problein, please call Ultradent at
800.552:5512:. Unauthorized setvice-will invalidate warranty.

Problem Possible solutions

Light will not turn on I. Wiggle VALO CORDLESS to see if unit wakes up.
2. Press the Time or Power Button to wake from Power Save Mode.
3. Check the red Low Battery Indicator for battery charge status.
4. Check that fresh batteries are correctly inserted into the unit.
5. If red and yellow Warning LEDs are flashing this means the VALO

CORDLESS has reached its internal temperature safety limit. Allow the
VALO CORDLESS to cool down for 10 minutes or use a cool moist
towel to cool the unit down quickly.

6. If red Warning LED flashes and beeps continuously, call Ultradent
Customer Service for repair.

Light does not stay on amount of time I. Check that the unit is set to desired Mode.
desired 2. Check the Low Battery Indicator for battery charge status.

3. Check that fresh batteries are properly inserted into the unit.

Light is not curing resins properly I. Check lens for residual cured resins/composites (see "Maintenance and
Cleaning").

2. Using proper orange UV eye protection, verify the LED die lights are
working.

3. Check power level with light meter.
4. Check expiration date on curing resin.

Batteries won't charge I. Make sure batteries are inserted in the charger in the correct orientation
and allow batteries to charge for I hour.

2. If red LEDs on the charger do not change to green, call Ultradent
Customer Service to order replacement batteries and/or charger.

3. If neither green nor red LEDs on the charger are visible, call Ultradent
Customer Service to order or replace charger and/or AC adaptor.

Batteries bubble and smell bad I. Remove batteries from the charger immediately
2. Do not insert these batteries into the VALO Cordless.
3. Call Ultradent Customer Service for new batteries and/or charger.
4. Recycle batteries.

Charger does not charge batteries I, Make sure charger is plugged in and AC adapter is plugged into power
outlet.

2. If green or red LEDs on the charger are not visible, call Ultradent
Customer Service for new charger and/or AC adaptor.

3. If charger smells as though it is burning, unplug charger immediately and
call Ultradent Customer Service for replacement.

Wrapping comes oft of battery I. Do not use these batteries in the VALO Cordless.
2. Recycle batteries.
3. Call Ultrudent Customer Service to order replacement batteries.

VALOV Cordless Special 510(k) 20

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Technical
Tehn ial VALO CORDLESS Curing LightInformation

Wavelength range 395nm - 4 80nm (see qualification below)

Effective output Power of VALO CORDLESS falls within the following wavelength range:
* 395nm <= EP <= 480nm.

Minimal and insignificant power can be found in wavelength ranges from:
* 380nm - 395nm and 480nm - 51 Onm

ADA 48 specifies power limitations within specific wavelength bands.
The VALO CORDLESS complies with ADA 48

*High~avlegt Bandl00wc 1-0

f om wnvPtr Efirsct uppe (weefthP
39 u 25mn) 48 un7 40g)

t ~ ~ ~ ~ ~ ~ r PAse mesrI ya pctudnaye

- HihweMode

a speVtSradard owey

Light intensity * Standard power - l000mwicm2 +2-10%

* High power - 1400mw/cm2 ±1-101%

t Xtra Power - 3200mw/cm2 +/- 20% (formerly called 'Plasma Emulation')

t Xtra Power Pulse - 3200mw~cim2 -+-- 20 at 50% duty cycle (formerly called 'Plasma Pulse')

* As measured by a Demetron@ LE.D. Radiometer

t As measured by a spectrum analyzer

Den-Mat@ Sapphire Plasma Arc Curing Light- Irradiance measured at 2,600m W/cm2 with
a spectrum analyzer
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AC Power Adapter Globtek Medical Grade with international plug inserts
Output: 12VDC, 500mA
Input: IOOVAC-240VAC
Ratings: Medical Grade, (UL, CE, RoHS, WEEE)
Includes: International plug adapter kit
Cord: 6 It (1.8m), 2.5mm DC connector
Weight: 152 grams w/o plug
Dimensions: (75 x 43 x 34) mm

VALO Charger VALO 3.6VDC Lithium Iron Phosphate smart battery charger:
* Peak Voltage: 3.6VDC
* Automatic shut off when fully charged
* Auto-detection of defective batteries
* Protections: Thermal, Overcharge, Short-circuit, reverse polarity

0 Red LED - Charging
0 Green LED - Empty or Fully Charged
0 LED off- short circuit

* Charging time: I - 3 hours
Rating: CE, WEEE
Weight: 1.27 troy oz. (39.5 grams)
Dimensions: (2.5 x 4 x 1) inches, (63.5 x 101 x 25.4) mm

VALO Batteries Rechargeable: Safe chemistry Lithium Iron Phosphate (LiFePO4 ) RCRI 23A
* Working Voltage: 3.2VDC
* Peak Voltage: 3.65VDC
* Cut-off Voltage: 2VDC
* mAh rating: greater than 400mAh

Ratings: CE, RoHS, WEEE
Weight: 17 grams each
Dimensions: 34 .5mm x 17mm

Alternate use Non-rechargeable:
Lithium CR-1 23A 3VDC (rating greater than 1400mAh for long operation)

VALO Cordless: Current draw from batteries:
* Sleep Mode - 230uA (wake up on button press and movement)
* Ready Mode- 30mA (maximum)
* Power LED: (dependent on MODE of use and state of charge on batteries)

o Minimum-250mA
o Maximum - 2000mA

Battery Input Voltage: 4VDC- 10.5VDC
* Minimum - 3.95VDC (lock out activated to prevent use)
* Maximum - 10.5VDC (lock out activated to prevent use)

LED Current Source: Micro-processor controlled, precision regulated LED current and time.
Calibrated Power Modes: Standard Power, High Power, Xtra Power. See Instruction Manual.

Protections: Low Battery, Over Voltage, Over Temperature, LED Failure, Calibration Failure
Limitations for Use: VALO Cordless will not allow operation if temperatures exceed 50'C.

* Standard Power: 3 curing cycles, 15 minute off, after 60 minutes of use allow 30
minutes off,

* High Power and Xtra Power: 5 curing cycles, 10 minutes oft

Ratings: Medical Grade, CE, RoHS, WEEE
Weight:

* With batteries: 5.5 troy oz. (170 grams)
* Without batteries: 4.4 troy oz. (136 grams)

I Dimension: (8 x 1.28 x 1.06) inches, (203 x 32.5 x 27) m

135
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Marks and Meaning
Symbols

Warning to read and following instructions and pay attention to specific use warnings and
cautions. This symbol is on the VALO CORDLESS and on the packaging

VALO CORDLESS complies with Medical Class B electrical safety
This symbol is on the VALO CORDLESS and on the packaging

SVALO CORDLESS complies with EU regulations for safety, electrical and electronic
interference and immunity. This symbol is on the VALO CORDLESS and on the packaging.
WEEE compliant: Recycle, Do Not discard improperly.
This symbol is on the VALO CORDLESS packaging box.

RoHS compliant: VALO CORDLESS contains no restricted or hazardous components or
substances. The symbol also means recycle. This symbol is on the VALO CORDLESS followed
by the date of manufacture, and on the packaging.
VALO CORDLESS is manufactured by Ultradent in accordance with GMP and ISO 9000
practiees
This symbol is on the VALO CORDLESS on the top panel followed by the date of manufacture,
and on the packaging.

61C Upper and lower temperature limitations: Do not store or transport VALO CORDLESS in areas
above 650 C (1490F) or below -34C (-300C). This symbol is on the packaging box.

Keep Dry: Cargoes bearing this symbol must be protected from excessive humidity and must be
stored under cover. This symbol is on the packaging box.

VALO CORDLESS must be stored in areas where the humidity is less than 95% and greater than
15%. This symbol is located on the VALO CORDLESS packaging box.

VALO CORDLESS is to be used by trained dental or medical professionals.
This symbol is on the packaging box.

ECIREPI Authorized representative

UP Dental GmbH This symbol and address is inside the back cap of the VALO SCOUT

Am Westhover Berg 30
51149 Koln-Porz Germany
Ultradent Products Inc. Manufacturer - Manufacturing address
505W. 10200S. This address is on the inside of the back cap of the VALO SCOUT
South Jordan, Ut 84095

SN: Serial number of VALO Cordless. This mark and number is on the top panel of VALO Cordless
This marking shows the correct method of inserting batteries. This mark is located on the top
inside of the battery compartment in large yellow print.
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Warranty
Ultradent hereby warrants that this instrument shall, for a period of 2 years from the date of purchase, conform in all
material respects to the specifications therefore as set forth in Ultradent's documentation accompanying the product
and be free from any defects in materials and/or workmanship. This'warranty applies solely to the original purchaser
and is not transferable. This warranty applies solely to the VALO CORDLESS and does not cover any accessory
components such as batteries, chargers, adapters, and adaptive lenses. Other warranties periods and service
conditions apply to all accessory parts. All defective products are to be returned to Ultradent. There are no user
service components of the VALO CORDLESS system. Tampering with VALO CORDLESS will void its warranty.
WARNING: When sending units in for repair, service, or calibrations, always remove the batteries from the
VALO CORDLESS and charger. Wrap batteries, charger, adapter, and VALO CORDLESS separately in the
return box.

WARNINGS and PRECAUTIONS

Read all instructions before operating this unit.

The manufacturer accepts no liability for any damage resulting from the improper use of this unit and/or for any
purpose other than those covered by these instructions.

USER - PATIENT SAFETY WARNINGS:

+ The VALO CORDLESS curing light emits extremely high intensity light very similar to high intensity quartz halogen
lights and must only be used as indicated in this manual.

+ DO NOT look directly into the light output. Patient, clinician and assistants should wear UV orange eye protection
when this device is in use.

+ DO NOT expose soft oral tissues at close proximity. Maintain a minimum of 2mm between the lens and the soft
tissue.

- If using the VALO CORDLESS curing light in close proximity of the gingival, DO NOT exposes tissue for more than 20
seconds. If a 40-second cure is needed, allow 2 minutes between two 20 second cures. If longer curing time is
required, consider a dual-cure.

In Xtra Power mode, DO NOT expose soft oral tissue for more than 10 seconds. The Xtra Power mode has a 2
second safety delay to limit heating during consecutive curing. If a longer cure is needed, allow 2 minutes between
consecutive cures or consider a dual-cure product (composite or adhesive).

PRODUCT SAFETY WARNINGS:

O DO NOT autoclave.

O DO NOT immerse in disinfectant, cleaning solutions, or any kind of liquid.

O DO NOT immerse in any kind of ultrasonic bath.

+ PRECAUTION: Static Electricity - This unit may be susceptible to strong magnetic or static electric fields
which could disrupt the programming. If you suspect this has occurred, remove the batteries from the unit
momentarily and then.re-insert them.
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Section III

Marketing

Marketing Strategy/Advertising

VALO@ Cordless Special 510(k) 25
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Marketing and Sales Strategy for VALO® Cordless

VALO's go-to-market plan includes the development of sales tools, press releases, case studies,
reviewer reports, promotional pieces, tradeshow presence, and sales force incentives. Detailed
deliverables:

* Sales Sheet in May 2011
* Prototypes at Trade Shows
* Landing Page/micro site on Ultradent.com when launched
* Training to TAMs and IRMs prior to launch (competitor at-a-glance, video presentation)
* Press Release at product launch
* CRA and Reality to be given product at launch for their review and comments
* Direct Mailer to all current VALO® customers
* Direct Mailer to Non-TAM covered accounts
* TAM incentive program

VALO@ Cordless Special 510(k) 26
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Section IV

Labeling for Predicate Device

Primary Labeling
Instructions for Use

VALO@ Cordless Special 510(k) 27
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Section V

Design Control Summary

Summary of Design Control Activities
Design Requirements
Risk Analysis Methods
Testing and Test methods
Declaration of Conformity with Design Controls
60601 Testing and Certifications
Software Requirement Specifications
ADA 48 Compliance
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-CONFIDENTIAL-

SUMMARY OF DESIGN CONTROL ACTIVITIES

This document intends to:

1) Demonstrate substantial equivalence to the existing, legally-marketed product, VALO®
(KO83647).

The following information is being submitted in accordance with the requirements of 21 CFR
807.87. The document, "How to Prepare a Special 510(k)" was used to identify the process
necessary to evaluate safety and efficacy of the device and to provide a format to summarize
information as necessary for demonstration of substantial equivalence, safety and efficacy.

Product Identification

Trade Name: VALO0 Cordless
Common Name: Dental Curing Light
Device Classification: 11
Classification Product Code: EBZ

Legally Marketed Predicate Devices to Which Equivalence is Claimed

The predicate device is VALOO (K083647). This device is manufactured and distributed by Ultradent
Products, Inc., 505 West, 10200 South, South Jordan, Utah 84095.

Product Description: VALO® Cordless is an activator, ultraviolet for polymerization. In other
words, it is a dental curing light used for polymerization of all photo-initiated dental materials.

Indications for Use: Source of illumination for curing photo-activated dental restorative
materials and adhesives.
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Device Design Requirements

Risk analysis method

The risk analysis methods used to assess the impact of the modification on the device and its
components, as well as the results of the analysis, are as follows:

* Review of testing data for comparison of new product to legally-marketed product

* Review of Design History File and identification of the verification and validation activities
required, including methods or tests used and the acceptance criteria applied

* Review of legally-marketed product history including complaints

* Performance, documentation and review of risk assessment per the requirements of ISO
14971:2007, using FMECA as a tool

* No major risks were identified during the risk analysis. 

 

Brief Description of Testing Performed

ANSI/ADA Specification No. 48 Visible Light Curing Units

Testing was conducted for ANSI/ADA Specification No. 48 and VALO® Cordless passed all tests.
ANSI/ADA Specification No. 48 approval requires the VALO® Cordless to pass the following parameters:

* Cleaning and disinfection
* Excessive temperatures
* Radiant Exitance

" Measurement of the optical cross-sectional area of the optic tip
o Measurement of irradiance
o Measurements using filters

* Electrical requirements
o Power input
o Single fault conditions
o Protection against electric shock hazards
o Enclosures and protective covers
o Leakage
o Protective earthing

VALO® Cordless Special 5 10(k) 36

it- .1

(b) (4)

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



o Continuous leakage currents.
o Dielectric strength
o Interruption of the power supply
o Abnormal operating and fault conditions
o Components and general assembly
o Main parts, components and assembly
o Electromagnetic compatibility
o Atmospheric conditions
o Supply and test voltages, type of current, nature of supply, frequency
o Preconditioning
o Conditioning
o Repairs and Modifications
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Software Verification and Validation Documentation:
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Conclusion and Substantial Equivalence

In conclusion, VALO® Cordless is to be manufactured and marketed by Ultradent Products, Inc., 505
West 10200 South, South Jordan, UT 84095, and is substantially equivalent to VALO (K083647), also
manufactured by Ultradent Products, Inc. The two products are composed of similar materials, have the
same intended use and technological characteristics, and both are safe and effective when used for the
indications described.

Verification and Validation

In-house and outside testing facilities were utilized to complete testing for ANSI/ADA 48, and
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EN 60601-1. Test protocols were written and pre-approved.
Test data, Inputs and Outputs of the Design Control Process were verified and validated by our
in-house QA department, Marketing, R & D Engineering and Regulatory Affairs.

ADA 48 Compliance Testing with Exceptions

Device: Ultradent VALO Cordless multi-wavelength dental curing light

Compiled by: Dee Jessop
February 8, 2011

The Ultradent VALO* Cordless multi-wavelength dental curing light has been tested and shown to be in
compliance with ADA 48 (American National Standard/American Dental Association Specification No. 48)

Document Contents:

1. Contacts and Address - Measurement Instruments

2. Table 1: Measured and calculated values in compliance with ADA 48

3. Table 2: Exceptions pertaining to methods of measurement

4. Graph 1: 350nm - 550nm spectrum response of the VALO CORDLESS with noise filtering on spectrum
edges. Measurements compliant with ADA 48 are taken from this spectrum.

5. Graph 2: Full broad band spectrum of VALO Cordless

6. Graph 3: Full broad band dark spectrum response of the analyzer. Dark spectrum means there is no light
input to the analyzer. Note the saturation noise in the deep UV range (190nm - 280nm) and the slight
noise in the high IR region (850nm - 900nm). These are the edges of range for the USB4000 spectrum
analyzer.

7. Passing requirements for IEC 60601-1 Medical Electrical Equipment

8. Nemko-CCL Certifications

9. Troubleshooting Guide

10. Technical Information

11. Marks and Symbols descriptions
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Contacts and Addresses Measurement Instruments

Ultradent Products Inc., 
Research and Development 
505 West 10200 South 
South Jordan, UT 84095 USA 
R&D Phone: 801-553-4351 

Dee Jessop: Test Engineer
Email: dee.iessoopultradent.com 

Neil Jessop: Senior R&D Manager 
Email: neil.iessoD(2oultradent.com 

Richard Tuttle: DDS, R&D Clinical Division 
Manager 
Email: rich.tuttle Rultradent.com 

Diane Rogers: Regulatory Affairs Manager
Email: diane.ropers(Wultradent.com 
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Troubleshooting Guide
If the solutions suggested below do-not rectify the problem, please call Ultradent at
800.552.5512. Unuthorized service will invalidate warranty..

Problem Possible solutions -

Light will not turn on 7. Wiggle VALO CORDLESS to see if unit wakes up.
8. Press the Time or Power Button to wake from Power Save Mode.
9. Check the red Low Battery Indicator for battery charge status.
10. Check that fresh batteries are correctly inserted into the unit.
I1. If red and yellow Warning LEDs are flashing this means the VALO

CORDLESS has reached its internal temperature safety limit. Allow the
VALO CORDLESS to cool down for 10 minutes or use a cool moist
towel to cool the unit down quickly.

12. If red Warning LED flashes and beeps continuously, call Ultradent
Customer Service for repair.

Light does not stay on amount of 4. Check that the unit is set to desired Mode.
time desired 5. Check the Low Battery Indicator for battery charge status.

6. Check that fresh batteries are properly inserted into the unit.

Light is not curing resins properly 5. Check lens for residual cured resins/composites (see "Maintenance and
Cleaning").

6. Using proper orange UV eye protection, verify the LED die lights are
working.

7. Check power level with light meter.
8. Check expiration date on curing resin.

Batteries won't charge 4. Make sure batteries are inserted in the charger in the correct orientation
and allow batteries to charge for I hour.

5. If red LEDs on the charger do not change to green, call Ultradent
Customer Service to order replacement batteries and/or charger.

6. If neither green nor red LEDs on the charger are visible, call Ultradent
Customer Service to order or replace charger and/or AC adaptor.

Batteries bubble and smell bad 5. Remove batteries from the charger immediately
6. Do not insert these batteries into the VALO Cordless.
7. Call Ultradent Customer Service for new batteries and/or charger.
8. Recycle batteries.

Charger does not charge batteries 4. Make sure charger is plugged in and AC adapter is plugged into power
outlet.

5. If green or red LEDs on the charger are not visible, call Ultradent
Customer Service for new charger and/or AC adaptor.

6. If charger smells as though it is burning, unplug charger immediately and
call Ultradent Customer Service for replacement.

Wrapping comes off of battery 4. Do not use these batteries in the VALO Cordless.
5. Recycle batteries.
6. Call Ultradent Customer Service to order replacement batteries.
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TechnicalIenf an VALO CORDLESS Curing LightInformation
Wavelength 39 5nm - 480nm (see qualification below)
range

Effective output power of VALO CORDLESS falls within the following wavelength range:
* 39 5nm <= P <= 480nm.

Minimal and insignificant power can be found in wavelength ranges from:
* 380nm- 395nm and 480nm - 51Onm

ADA 48 specifies power limitations within specific wavelength bands.
The VALO CORDLESS complies with ADA 48

*High~Wveent Bae-nd0m/m2+'-0
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Light intensity * Standard power - 1000mw/cm2 +/-10%

*High power - 1400mwicm2 +1- IO%

t Xtra Power - 3200mw/cm2 +/- 20% (formerly called 'Plasma Emulation')

t Xtra Power Pulse - 3200mw/cm2 +/- 20 at 50% duty cycle (formerly called Plasma Pulse')

* As measured by a Demetron@ LE.D. Radiometer

t As measured by a spectrum analyzer

Den-Mat@ Sapphire Plasma Arc Curing Light - Irradiance measured at 2,60DmW/cm2 with a
spectrum analyzer
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AC Power Adapter Globtek Medical Grade with international plug inserts
Output: 12VDC, 500mA
Input: 1OOVAC - 240VAC
Ratings: Medical Grade, (UL, CE, RoHS, WEEE)
Includes: International plug adapter kit
Cord: 6 ft (1.8m), 2.5mm DC connector
Weight: 152 grams w/o plug
Dimensions: (75 x 43 x 34) mm

VALO Charger VALO 3.6VDC Lithium Iron Phosphate smart battery charger:
* Peak Voltage: 3.6VDC
* Automatic shut off when fully charged
* Auto-detection of defective batteries
* Protections: Thermal, Overcharge, Short-circuit, reverse polarity

o Red LED - Charging
o Green LED - Empty or Fully Charged
o LED off - short circuit

* Charging time: 1-3 hours
Rating: CE, WEEE
Weight: 1.27 troy oz. (39.5 grams)
Dimensions: (2.5 x 4 x 1) inches, (63.5 x 101 x 25.4) mm

VALO Batteries Rechargeable: Safe chemistry Lithium Iron Phosphate (LiFePO 4) RCR123A
* Working Voltage: 3.2VDC
* Peak Voltage: 3.65VDC
* Cut-off Voltage: 2VDC
* mAh rating: greater than 400mAh

Ratings: CE, RoHS, WEEE
Weight: 17 grams each
Dimensions: 34.5mm x 17mm

Alternate use Non-rechargeable:
Lithium CR-123A 3VDC (rating greater than 1400mAh for long operation)

VALO SCOUT: Current draw from batteries:
* Sleep Mode - 230uA (wake up on button press and movement)
* Ready Mode - 30mA (maximum)
* Power LED: (dependent on MODE of use and state of charge on batteries)

o Minimum-250mA
o Maximum-2000mA

Battery Input Voltage: 4VDC - 1OVDC
* Minimum - 3.95VDC (lock out activated to prevent use)
* Maximum - 10.5VDC (lock out activated to prevent use)

LED Current Source: Micro-processor controlled, precision regulated LED current and time.

Calibrated Power Modes: Standard Power, High Power, Xtra Power. See Instruction Manual.

Protections: Low Battery, Over Voltage, Over Temperature, LED Failure, Calibration Failure

Ratings: Medical Grade, CE, RoHS, WEEE
Weight:

* With batteries: 5.5 troy oz. (170 grams)
* Without batteries: 4.4 troy oz. (136 grams)

Dimension: (8 x 1.28 x 1.06) inches, (203 x 32.5 x 27) mm
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Marks and Meaning
Symbols

Warning to read and following instructions and pay attention to specific use warnings and
cautions. This symbol is on the VALO CORDLESS and on the packaging

VALO CORDLESS complies with Medical Class B electrical safety
This symbol is on the VALO CORDLESS and on the packaging

VALO CORDLESS complies with EU regulations for safety, electrical and electronic
interference and immunity. This symbol is on the VALO CORDLESS and on the packaging.
WEEE compliant: Recycle, Do Not discard improperly.
This symbol is on the VALO CORDLESS packaging box.

RoHS compliant: VALO CORDLESS contains no restricted or hazardous components or
substances. The symbol also means recycle. This symbol is on the VALO CORDLESS
followed by the date of manufacture, and on the packaging.
VALO CORDLESS is manufactured by Ultradent in accordance with GMP and ISO 9000
practices
This symbol is on the VALO CORDLESS on the top panel followed by the date of manufacture,
and on the packaging.

I" FUpper and lower temperature limitations: Do not store or transport VALO CORDLESS in areas
above 65C (149 0F) or below -340C (-30oC). This symbol is on the packaging box.

Keep Dry: Cargoes bearing this symbol must be protected from excessive humidity and must be
stored under cover. This symbol is on the packaging box.

VALO CORDLESS must be stored in areas where the humidity is less than 95% and greater than
15%. This symbol is located on the VALO CORDLESS packaging box.

VALO CORDLESS is to be used by trained dental or medical professionals.
This symbol is on the packaging box.

ECIREPI Authorized representative

UP Dental GmbH This symbol and address is inside the back cap of the VALO Cordless

Am Westhover Berg 30
51149 Koln-Porz
Germany
Ultradent Products Inc. Manufacturer - Manufacturing address
505W. 10200S. This address is on the inside of the back cap of the VALO Cordless
South Jordan, Ut 84095

SN: Serial number of VALO Cordless. This mark and number is on the top panel of VALO Cordless
This marking shows the correct method of inserting batteries. This mark is located on the top
inside of the battery compartment in large yellow print.
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Declaration of Conformity with Design Controls

Ultradent Products Inc. certifies that VALO* Cordless was designed according to our written SOPs
for Design Control. All inputs to the design, and all outputs were carefully evaluated and
approved by the Design team at intervals during the design process. The final design was
evaluated by numerous dentists all over the world. Their inputs helped the Design team to
assure that VALO® Cordless performs according to user requirements.

DECLARATION OF CONFORMITY WITH DESIGN CONTROLS

1. As required for VALO® Cordless, Risk Analysis, and all verification and validation
activities were performed and the results demonstrated that the predetermined
acceptance criteria were met; and

2. The Ultradent Products, Inc., manufacturing facility is in conformance with Design
Control requirements as specified in 21 CFR 820.30 and the records are available for
review.

Diane Rogers 9 Date
Regulatory Affairs Manager
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Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Third Party Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Specifications

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Contacts and Addresses -- Measurement Instruments

Ultradent Products Inc., 
Research and Development 
505 West 10200 South 
South Jordan, UT 84095 USA 
R&D Phone: 801-553-4351 -o 

Dee Jessop: Test Engineer
Email: dee.iessopcultradent.com 

Neil Jessop: Senior R&D Manager 
Email: neiliesso7ultradent.com 

Richard Tuttle: DDS, R&D Clinical Division 
Manager 
Email: rich.tuttle(Wultradent.com 
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(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Test Data

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Marks and Meaning
Symbols

Warning to read and following instructions and pay attention to specific use warnings and
F Y cautions. This symbol is on the VALO CORDLESS and on the packaging

0 VALO CORDLESS complies with Medical Class B electrical safety
This symbol is on the VALO CORDLESS and on the packaging

VALO CORDLESS complies with EU regulations for safety, electrical and electronic
interference and immunity. This symbol is on the VALO CORDLESS and on the packaging.
WEEE compliant: Recycle, Do Not discard improperly.
This symbol is on the VALO CORDLESS packaging box.

RoHS compliant: VALO CORDLESS contains no restricted or hazardous components or3 substances. The symbol also means recycle. This symbol is on the VALO CORDLESS
followed by the date of manufacture, and on the packaging.
VALO CORDLESS is manufactured by Ultradent in accordance with GMP and ISO 9000
practices
This symbol is on the VALO CORDLESS on the top panel followed by the date of manufacture,
and on the packaging.

149 Upper and lower temperature limitations: Do not store or transport VALO CORDLESS in areas

-n 4above 650 C (149 0F) or below -34oC (-30 0 C). This symbol is on the packaging box.

Keep Dry: Cargoes bearing this symbol must be protected from excessive humidity and must be
stored under cover. This symbol is on the packaging box.

i"* VALO CORDLESS must be stored in areas where the humidity is less than 95% and greater than
15%. This symbol is located on the VALO CORDLESS packaging box.

VALO CORDLESS is to be used by trained dental or medical professionals.
This symbol is on the packaging box.

EC REP Authorized representative

UP Dental GmbH This symbol and address is inside the back cap of the VALO Cordless
Am Westhover Berg 30
51149 Koln-Porz Germany
Ultradent Products Inc. Manufacturer - Manufacturing address
505W. 10200S. This address is on the inside of the back cap of the VALO Cordless
South Jordan, Ut 84095

SN: Serial number of VALO Cordless. This mark and number is on the top panel of VALO Cordless
This marking shows the correct method of inserting batteries. This mark is located on the top
inside of the battery compartment in large yellow print.
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Section VI,

Biocompatibility, Clinical Summary, Literature Review

Biocompatibility and Clinical Summary
Literature Review
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BIOCOMPATIBILITY SUMMARY

VALO®
Curing Light

During our effort to document and prepare a 510(k) and Technical File for VALO®, it was
determined that biocompatibility testing is not necessary for the device. The device does not
come in contact with oral tissue as it is strictly used as a curing light.
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CLINICAL SUMMARY

Valo* Cordless

I. Introduction: The following summary provides a documented review of clinical data
collected with respect to the involved device as part of the conformity assessment
procedure required by the Medical Device Directive (93/42/EEC), using the 'literature route.'
The following documentation demonstrates safety and efficacy of the device, and provides a
basis for clinical evaluation and assessment of the risk to benefit for the intended use and
claims as required.

A keyword search was performed in PubMed on "(LED Curing Light) AND Safety", "(LED
Dental Curing Light) AND Safety", "(Safe Use) AND LED Curing Light", "(Dental Curing Light)
AND Battery Powered", and "(Cordless) AND Dental Curing Light", returning 17 articles. Six
were omitted, four are redundant, one was not available in English, and one was not
relevant to curing dental restoratives and adhesive materials. Eleven relevant articles are
listed to the safety and efficacy of the product.

II. Product Description: Valo® Cordless is a visible light activator for polymerization of dental
resins. In other words, it is a dental curing light used for polymerization of all photo-initiated
dental materials.

Ill. Product Indications: Source of illumination for curing photo-activated dental restorative
materials and adhesives.

IV. Background: The process of light curing is one of the most frequent tasks that are performed
daily in dental practice. Photo-polymerization is used in various aspects of virtually every dental
discipline. A technique that was initially introduced as a convenience factor to speed up the
polymerization of composite restorations has now become a basic tool for restorative, aesthetic,
orthodontic, endodontic, and other branches of the profession. The light-curing techniques, as
well as the hundreds of different curing lights, have been an integral part of dentistry for almost
25 years.

There are several major advantages to photo-polymerizing composites:

*Unlimited, dentist-controlled working time
*Greatly improved material properties
*Microhybrids, hybrids, microfills, macrofills, nanofills, packables, flowables, resin cements, and
now resin-based endodontic sealers are all specifically designed to make dentistry better, easier,
and faster.

With such a wide range of composite categories, materials, and manufacturers to choose from,
predictable polymerization is an important clinical parameter. First and foremost, there are
several major categories of curing lights to choose from: conventional halogen, fast halogen,
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plasma arc, argon laser, and most recently, the light-emitting-diode (LED). In selecting an
appropriate curing light, it is important to remember that not all composite materials will fully
polymerize with all. curing lights. The 2.most common photo-initiators used in dental materials
are camphoroquinone (CQ) and phenyl-propamedione
(PPD). Each photo-initiator cures at a sonewhat different wavelength of light. The CQ is initiated
at approximately 468nm, while PPD is activated in the <430nm range. However, the newer-
generation LED curing lights have an extended output range that encompasses all the commonly
used dental composite photo-initiators. Prior to purchase, the curing range of the intended light
should be examined; at the minimum, the range should extend adequately over both the CQ (-
468nm) and the PPD (-429 nm) polymerization wavelengths.

V. Safety:

1. Baysal A, Uysal T, Ulker M, Usumez S. Effects of high-intensity curing lights on microleakage
under bonded lingual retainers. Angle Orthod. 2008 Nov:78(6):1084-8.

OBJECTIVE: To evaluate the effects of high-intensity light curing units (light-emitting diode
[LED] and plasma arc curing [PAC]) on the microleakage of flexible spiral wire retainers
(FSWRs) at the composite/enamel and composite/wire interfaces.
MATERIALS AND METHODS: Forty-five human mandibular incisor teeth were separated into
three groups of 15 teeth. Multistranded PentaOne wire of .0215 inch diameter was bonded

to enamel and was cured with three different light curing units: a quartz-tungsten-halogen
(QTH) unit and two high-intensity units (ie, LED and PAC). A conventional halogen light
served as the control. Samples were sealed with nail varnish, stained with 0.5% basic
fuchsine, and sectioned. Transverse sections were evaluated under a stereomicroscope and
were scored for microleakage for the composite/enamel and composite/wire interfaces.
Statistical analysis was performed by Kruskal-Wallis and Mann-Whitney U-tests with
Bonferroni correction.
RESULTS: Little or no microleakage was detected at the composite/enamel interface of the
FSWR cured with three different light sources. However, at the composite/wire interface,
statistically significant differences were found between the. QTH (mean, 1.10 +/- 1.05 mm)
and high-intensity curing units. The PAC resulted in the greatest amount of microleakage
(mean, 2.63 +/- 1.49 mm), whereas no statistically significant difference was noted between
the PAC and the LED (mean, 2.35 +/- 1.28 mm).
CONCLUSION: High-intensity light curing units show statistically significant microleakage at
the composite/wire interface and therefore may not be safe for use in bonding FSWRs

2. Schattenberg A, Lichtenberg D, Stender E, Willershausen B, Ernst CP. Minimal exposure time
of different LED-curing devices. Dert Mater 2008 Aug:24(8):1043-9.

OBJECTIVES: The purpose of the study was to investigate the shortest.possible exposure
time of different LED-curing devices for five different resin composites in a clinically relevant
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in vitro-model, where a 7 mm distance from the light guide tip to the bottom side of the
cavity.was compiled.
METHODS: Resin composite samples (Tetric EvoCeram A3, Filtek Supreme XT A3B, Premise
A3, CeramX Mono M5, QuiXfil) were filled in three increments of 2mm thickness each in
stainless steel rnoulds (0=5 mm, h=6 mm, n=9). The samples were incrementally exposed to
different blue LED-curing devices (Bluephase, Bluephase C8, Bluephase 16i/Ivoclar Vivadent,
L.E. Demetron II/sds Kerr, Elipar FreeLight 2/3M ESPE, Smartlite PS/DENTSPLY, Translux
Power Blue/Heraeus) according to the manufactuirer's recommendations at a distance of 7
mm from the bottom of the cavity to simulate a class Il-curing situation. Surface hardness
was measured (Zwick Z2.5/TS1S) 10 min post-exposure at the bottom surfaces of the resin
sample. A bottom/top-surface hardness ratio of 80% of a reference sample (2mm thickness,
40s), was defined as clinically acceptable for safe curing. A descriptive statistical analysis was
carried out.
RESULTS: The curing devices Bluephase, Bluephase C8, Smartlite PS and Translux Power Blue
could cure all composite resins investigated sufficiently in the exposure time recommended
by the manufacturers (10-20s). The curing device Bluephase 16i and L.E. Demetron II only
cured the composite Quixfil sufficiently in the exposure time recommended by the
manufacturer. FreeLight 2+ allowed a 10s exposure time for all materials except Ceram X
Mono (20s).
SIGNIFICANCE: When incrementally exposed, all resin composites investigated were
polymerized sufficiently at a maximum of 20s exposure time.

3. Ernst CP, Meyer GR, MUller J, Stender E, Ahlers MO, Willershausern B. Depth of cure of LED
vs QTH light-curing devices at a distance of 7mm.i Adhes Dent. 2004 Summer:6(2):141-150.

PURPOSE: To determine the depth of cure of 5 blue LED curing devices compared to that
obtained with 3 QTH curing devices.
MATERIALS AND METHODS: The LED curing devices tested were 1) e-Light: 40 s; 2) Elipar
FreeLight: 40 s; 3) Elipar FreeLight 2: 20 s and 40 s; 4) Ultra-Lume LED 2: 20 s and 40 s; 5)
LEDemetron 1: 20 s and 40 s. The QTH curing devices tested were 1) Optilux 501: standard
light guide 20 s and 40 s, turbo light guide 20 s; 2) Elipar TriLight: 40 s; 3) Astralis 10: 20 s.
Surface hardness was measured (Zwick Z2.5/TS1S) 10 min after exposure on the top and
bottom surface of resin samples (Tetric Ceram A3, 1 to 5 mm; 0.5 mm increment, diameter
5 mm, n = 9) which were cured at a distance of 7 mm from the bottom of the sample to the
light-guide tip to simulate a Class II curing situation. A reference sample was cured under
direct contact with the light guide. The reference sample with the greatest top surface
hardness of all devices measured served as the overall control. A bottom/top surface
hardness ratio of > or= 80% of the reference sample cured at zero distance was defined as
clinically acceptable for safe curing. A descriptive statistical analysis was carried out.
RESULTS: With QTH lamps, the mean maxiium resin composite sample thickness which

...cured sufficiently (relative surface ratio > or =80%) was: 3 riim for Optilux 501, standard
light guide, 40 s; 2.5 mm for Trilight, 40 s; aid, 1.5 rnm for Astralis 10, 20 s.. The first-
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generation LED curing devices FreeLight and GC e-Light, both applied for 40 s, and the
Optilux 501 operated for 20 s with the standard and the turbo light guide could not.
sufficiently cure a 1-mm-thick sample at a distance of 7 mm. The new FreeLight 2 and the
Ultra-Lume LED 2 cured resin samples up to 2.5 mm thick in 40 s with a relative surface ratio
> or = 80%, while no sufficient depth of cure was found after, 20 s exposure time for the
FreeLight 2. However, a 1.5-mm depth of cure with the Ultra-Lume LED 2 and the
LEDemetron 1 with the 13/11 mm light.guide was obtained after 20 s. The LEDemetron 1
equipped with a 13/8 mm light guide reached a depth of cure of 2.0 mm. No significant
difference was found between the Elipar FreeLight 2, Ultra-Lume LED 2, and LEDemetron 1
in their overall curing potential (linear statistical model, 5% level, Bonferroni-correction)
given 40 s or 20 s of exposure time.
CONCLUSION: Application of the first-generation LED curing devices FreeLight and e-Light
did not ensure clinically sufficient depths of cure, while the new high-power LED curing
devices FreeLight 2, Ultra-Lume LED 2, and LEDemetron 1 showed a curing potential equal
to the Optilux 501, given 40 s of exposure time.

4. YAP AU, Soh MS. Thermal Emission by different light-curing units. Oper Dent. 2003 May-
June:28(3):260-6.

This study quantified and compared the thermal emission of different light curing units
(LCU). Three LED (Elipar Freelight (3M); GC e-light [GC]; Coolblu [Dentalsystems.com]) and
three halogen (Max [Dentsply-Caulk]; Elipar Trilight [3M]; Astralis 10 [Ivoclar-Vivadent])
lights were selected for the study. Thermal emission of the LCUs, when used in various
curing modes, was assessed using a K-type thermocouple and a digital thermometer at
distances of 3 mm and 6 mm compared to the conventional halogen LCU (Max). The
temperature profiles and mean maximum temperature change (n = 7) generated by each
LCU were obtained. Data was subjected to ANOVA/Scheffe's post-hoc test and Independent
Samples t-test at significance level 0.05. At 3 mm, temperature rise observed with LED lights
ranged from 4.1 degrees C to 12.9 degrees C, while halogen lights ranged from 17.4 degrees
C to 46.4 degrees C. At 6 mm, temperature rise ranged from 2.4 degrees C to 7.5 degrees C
and 12.7 degrees C to 25.5 degrees C for LED and halogen lights, respectively. Thermal
emission of LED lights was significantly lower than halogen lights. Significant differences in
temperature rise were observed between different curing modes for the same light and
between different LED/halogen lights.

5. Hubbezoglu I, Dogan A, Dogan OM, Bolayir G, Bek B. Effects of light curing modes and resin
composites on temperature rise under human dentin: an in vitro study. Dent Mater J. 2008
Jul:27(4):581-9.

The influence of three curing modes of a high-powered LED curing unit on temperature rise
under 2-mm-thick dentin was investigated during the polymerization of resin composite.
samples of Admira, Filtek P60, Premise, Tetric Flow, Tetric Ceram, and Filtek Z250. Ninety
standard specimens were prepared. The bobding agents and resin composites were cured.
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with standard, pulse, or soft-start mode (n=5 for each curing mode). Temperature rise was
measured using a type L thermocouple. Data were analyzed by two-way ANOVA and Tukey's
test. Soft-start curing led to statistically higher temperature rises compared.than the other
two modes. The highest temperature rise was observed for Admira.and Tetric Flow cured
with soft-start mode. the lowest temperature rise was observed for Premise cured with
pulse mode. However, temperature rise did not reach the critical value that can cause pulpal
damage by virtue of a prominent safety feature of the high-powered LED LCU, which
ensures that no excessive heat is produced by all the three curing modes.

VI. Efficacy

6. Judy RH, Dunn WJ, Patel AB, Swanson T. Effects single-charge end point of cordless light-
emitting diode light curing unit. Am ] Orthod Dentofacial Orthop. 2006 Sep:130(3):378-84

INTRODUCTION: The purpose of this study was to evaluate the battery lives of cordless light-
emitting diodes (LEDs) and their effect on orthodontic bracket bond strength.
METHODS: One hundred eighty-six metal orthodontic brackets were bonded to extracted
molars. Two LED light-curing units (L. E. Demetron [SDS/Kerr, Orange, Calif] and Ortholux
(3M Unitek, Monrovia, Calif]) were evaluated. Each light was used to bond 93 specimens.
One bracket was bonded every 5 minutes until the battery ran out. The lights were activated
for 20 seconds, then automatically turned off for 40 seconds every minute (33% duty cycle)
without recharging. Bonded specimens were stored in water at 37 degrees C for 24 hours
and then subjected to shear force with a universal testing machine until bracket failure.
RESULTS: Repeated measures ANOVA detected significantly weaker mean shear bond
strength and fewer consecutive cures with the Ortholux compared with the L. E. Demetron
light-curing unit. However, when the first 5 time points were excluded, there were no
differences between the 2 lights, demonstrating that the lights performed similarly after the
first 20 minutes of operation Just before battery failure, both lights still provided the same
power density as at the beginning.
CONCLUSIONS: Both light-curing units provided adequate power density for up to 2 hours
without recharging at a 33% duty cycle. There was no significant decrease in power in
cordless LED light-curing units as the battery life approached its end point.

7. Platt JA, Clark H, Moore BK. Curing of pit & fissure sealants using Light Emitting Diode curing
units. Oper Dent 2005 Nov-Dec:30(6):764-71.

Light Emitting Diode (LED) curing units are attractive to clinicians, because most are cordless
and should create less heat within tooth structure. However, questions about
polymerization efficacy have surrounded this technology. This research evaluated the
adequacy of the depth of cure of pit & fissure sealants provided by LED curing units. Optilux
(OP) and Elipar Highlight (HL) high intensity halogen and Astralis 5 (AS) conventional halogen
lights.were used for comparison. The Light Emitting Diode.(LED) curing units were Allegro
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(AL), LE Demetron I (DM), FreeLight (FL), UltraLume 2(UL), UltraLume 5 (UL5) and Versalux
(VX).. Sealants used in the study were UltraSeal XT plus Clear (Ucr), Opaque (Uopq) and
Teethmate F-1 Natural (Kclr) and Opaque (Kopq). Specimens were fabricated in a brass mold
(2 mm thick x 6 mm diameter) and placed between two glass slides (n=5). Each specimen
was cured fron the top surface only. One hour after curing, four Knoop Hardness readings
were made for each top and bottom surface at least 1 mm from the edge. The bottom to
top (B/T) KHN ratio was calculated. Groups were fabricated with 20 and 40-second exposure
times. In addition, a group using a 1 mm-thick mold was fabricated using an exposure time
of 20 seconds. Differences between lights for each material at each testing condition were
determined using one-way ANOVA and Student-Newman-Keuls Post-hoc test (alpha=0.05).
There was no statistical difference between light curing units for UcIr cured in a 1-mm
thickness for 20 seconds or cured in a 2 mm-thickness for 40 seconds. All other materials
and conditions showed differences between light curing units. Both opaque materials
showed significant variations in B/T KHN ratios dependent upon the light-curing unit.

8. Peris AR, Mitsiu FH, Amaral CM, Ambrosano GM, Pimenta LA. The effect of composite on
microhardness when using quart-tungsten-halogen (QTH) or LED lights. Oper Dent 2005
Sep-Oct:30(5):649-54

This study evaluates the Knoop microhardness of resin composites cured with different
light-emitting diode (LED) based light curing units (LCU) or with a conventional quartz-
tungsten-halogen light (QTH). Ten experimental groups with 10 specimens each were used.
The specimens were prepared by placing two light-cured resin composites with similar VITA
shade A2-microhybrid Filtek Z250/3M ESPE and microfill Durafil VS/Heraeus Kulzer--in a 2.0
mm-thick disc shaped mold. The specimens were polymerized for 40 seconds with the use
of one QTH LCU (Optilux 501/Kerr-Demetron) and four LED LCUs: Elipar FreeLight 1 Cordless
LED (3M ESPE), Ultrablue II LED with cord (DMC), Ultrablue Ill LED cordless (DMC) and LEC
470 I (MM Optics). Knoop microhardness was determined at the top and bottom surfaces of
the specimens 24 hours following curing. Microhardness values in the microhybrid resin
composite group showed no statistically significant differences when cured with LED
FreeLight 1 LCU and QTH LCU (p<0.05). The other LED devices evaluated in the study
presented lower microhardness values in both surfaces (p<0.05) when compared to QTH. In
the microfill resin composite group, no statistically significant differences were observed
among all LCUs evaluated on the bottom surfaces (p<0.05). However, on the top surfaces,
QTH presented the highest KHN values, and the LED devices presented similar results when
compared with KHN values relative to each other (p<0.05).

9. Wiggins KM, Hartung M, Althoff 0, Wastian C, Mitra SB. Curing performance of a new-
generation light-emitting diode dentalctiringunit. I Am Dent Assoc. 2004 Oct:135(10):147-9

BACKGROUND;. Recent technological advances have resulted. in the.marketing of high-
powered, or HP, battery-operated light-emitting diode, or LED; .denta[ curing lights. The

w22

JA~~I T -n'OtM

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



authors examine the curing efficiency and peak polymerization temperature, or Tp, of a new
HP LED curing light.
METHODS: The authors studied four visible light-curing, or VLC, units: HP LED (A), first-
generation. LED (B), conventional halogen (C) and high-intensity halogen (D). They

.determined the depth of cure, or DOC; adhesion; and Tp of three types of VLC resin-based
composites after exposure to each light. The exposure times for units A and D were one-half
those for units B and C.
RESULTS: The power density of unit A was 1,000 milliwatts per square centimeter, which
was comparable to that of unit D with turbo charge. The DOC and adhesion attained for all
three resin-based composites after being light cured by unit A for a 10-second exposure
time were equivalent to those after being light cured by unit D for a 10-second exposure
time and to those after being light cured by units B and C for 20-second exposure times. The
resin-based composites light cured by unit A attained significantly lower Tps than did those
light cured by unit D at equivalent cure, or exposure, times and by unit C at twice the cure
time.
CONCLUSIONS: The authors found that Unit A effectively cured the resin-based composites
at one-half the cure time of units B and C and at the same time as unit D, while maintaining
low Tp.
CLINICAL IMPLICATIONS: The battery-operated HP LED curing light might be an effective,
time-saving alternative for clinicians to use in light curing resin-based composites.

10. Althoff 0, Hartung M. Advances in light curing. Am J Dent. 2000 Nov:13(Spec No): 77D-81D.

PURPOSE: To review and connect the scientific background of light curing with clinical
requirements and new technical opportunities in order to conclude the. best technology for
next generation light curing units. RESULTS: Three conclusions are drawn for proper light
curing: (1) A minimum dose of light is needed (wavelength dependent); (2) Internal stress
can be reduced by giving the sample time to flow before gel point is reached; (3) An upper
intensity limit has to be respected to limit temperature increase as well as light intensity
dependent deactivation of activated photoinitiators. These conclusions can best be realized
by using the softstart approach. A comparison of different light generation technologies
shows that LEDs are most likely to shape the next generations of curing lights. Due to their
superior power conversion rate as well as to their optimum spectral emission small and
handy devices can be realized that work battery-powered and totally silent. The benefits for
the dentist are improved reliability, handling, and hygiene.

11.Shortall AC, Harrington E. Effectiveness of battery powered light activation units. Br Dent J.
1997 Aug9:183(3):95-100;

OBJECTIVE: To investigate the effectiveness of.chargeable light curing units and their ability
to sustain a high radiant output following successive discharge cycles.
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SETTING: University based research investigation assessing the output intensity of three
battery powered light activation units.and the effect of successive discharge cycles, without
intervening periods of recharging, on light output and depth of cure of resin composite.
MATERIALS AND METHODS: Mean light intensity (mW/cm2), through a 4 mm aperture, was
measured with a computer based radiometer. Two commercially available.resin composites
(one hybrid and one microfilled resin) were used for the depth of cure determinations using
a digital penetrometer.
RESULTS: Depths of cure were significantly greater for the hybrid resin composite. Output
intensity diminished over the period of battery discharge for two.of the three units and this
finding was paralleled in the depth of cure results. The battery light units tested varied
significantly with regard to their length of discharge cycle and recharge times from complete
discharge.
CONCLUSIONS: Output intensity diminishes over the period of battery. discharge for some
makes of battery light units. However, many other factors including handpiece size and
weight and unit cost and reliability are important considerations when choosing a unit.

VII. Summary and Conclusion:

Considering the intended clinical applications, as well as many years of clinical evidence of safety in
a significant patient population, it is concluded that the evidence for the safety and efficacy of Valoe
Cordless is adequate and there are no significant risks associated with this product when it is used
following the manufacturer's instructions.

Per the review described above, Ultradent Products, Inc. states that there are no new or existing
safety and/or efficacy issues that require action prior to the release of Valo* Cordless. Labeling for
intended use, warnings, precautions, etc., have been reviewed and deemed comprehensive and
sufficient for safe and accurate use of the modified product.

VIII. Signature and Date:

Report prepared by:

Matt Buck Date
Regulatory Affairs Specialist

Report reviewed by:

Rich Tuttle, DDS Date
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Original Article

Effects of High-Intensity Curing Lights on Microleakage under
Bonded Lingual Retainers

Asl Baysal*; Tancan Uysalb; Mustafa Ulker*; Serdar Usumezd

ABSTRACT
Objective: To evaluate the effects of high-intensity light curing units (light-emitting diode [LED]
and plasma arc curing [PAC]) on the microleakage of flexible spiral wire retainers (FSWRs) at the
composite/enamel and composite/wire interfaces.
Materials and Methods: Forty-five human mandibular incisor teeth were separated into three
groups of 15 teeth. Multistranded PentaOne wire of .0215 inch diameter was bonded to enamel
and was cured with three different light curing units: a quartz-tungsten-halogen (QTH) unit and
two high-intensity units (ie, LED and PAC). A conventional halogen light served as the control.
Samples were sealed with nail varnish, stained with 0.5% basic fuchsine, and sectioned. Trans-
verse sections were evaluated under a stereomicroscope and were scored for microleakage for
the composite/enamel and composite/wire interfaces. Statistical analysis was performed by Krus-
kal-Wallis and Mann-Whitney U-tests with Bonferroni correction.
Results: Little or no microleakage was detected at the composite/enamel interface of the FSWR
cured with three different light sources. However, at the composite/wire interface, statistically
significant differences were found between the QTH (mean, 1.10 ± 1.05 mm) and high-intensity
curing units. The PAC resulted in the greatest amount of microleakage (mean, 2.63 ± 1.49 mm),
whereas no statistically significant difference was noted between the PAC and the LED (mean,
2.35 ± 1.28 mm).
Conclusion: High-intensity light curing units show statistically significant microleakage at the com-
posite/wire interface and therefore may not be safe for use in bonding FSWRs.

KEY WORDS: Microleakage; High intensity; Photopolymerization

INTRODUCTION ease of use, and better physical properties,1-' one of
Lingual retainerfabrication r smeticulous the most important tasks involved with the use of light

requirescured composites is the choice of curing units and re-
work; therefore, orthodontists prefer to use visible light cat
cured composites over chemically cured ones. In ad- ad curing times.
dition to the advantages of extended working time, The most popular light curing unit (LCU) in dentistry

do thas been the quartz tungsten halogen (QTH) light.4

Manufacturers have recently presented plasma arc
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MICROLEAKAGE UNDER BONDED RETAINERS 1085

surface, an event that defines microleakage in den- MATERIALS AND METHODS
tistry.'7

In restorative dentistry, microleakage -may result. Sample Preparation
from many factors, such as polymerization shrinkage.. A. total of 45 human mandibular incisor teeth, ex-
of materials.used, degradation of the particular bond- tracted for periodontal reasons, were collected over a
ing or restorative material, dissolution of linear or 1 -month period. Exclusion criteria included caries,
smear layers, and varying coefficients of thermal ex-. cracks, developmental defects, and restorations. Soft
pansion for restorations.' During bracket bonding in tissue remnants were removed with a scaler, and teeth
orthodontics, the composite is very thin and the com- were stored in distilled water before they were ran-
posite at the edges of the bracket may absorb some domly divided into three groups of 15 teeth.
shrinkage." Moreover, Oesterle et al14 indicated that, Multistranded PentaOne wire (Masel Orthodontics,
because the brackets are free floating, shrinkage can Bristol, Pa, USA) of 0.0215 inch diameter was used in
pull the brackets closer to the enamel. Therefore, it is all groups. Wires were cut into 20 mm lengths to en-
believed that polymerization shrinkage and concomi- sure standardization, and the wires were bent to fit the
tant microleakage are matters of minimal concern in lingual curvature of incisor teeth.
orthodontic applications. 9 However, the composite Before composite was placed, teeth were prepared
material is used commonly in orthodontics during fab- according to the protocol suggested by the manufac-
ication of the flexible spiral wire retainer (FSWR). The turer (ie, cleaned with nonfluoridated pumice and rub-
amount of this composite present over the retainer ber cups, acid etched (3M Dental Products, St Paul,
wire may be inversely affected by high-intensity light Minn, USA] for 15 seconds, rinsed with water, and air
curing and potential gaps at the composite/enamel dried). Transbond-XT primer (3M Unitek, Monrovia,
and composite/wire interfaces and may cause failure Calif, USA) was applied to the etched surface as a thin
of FSWRs. uniform coat and was not cured.

In operative dentistry, clinical symptoms associated To ensure stability during placement and contouring,
with the occurrence of microleakage include break- the composite teeth were placed over silicone putty
down and discoloration of margins, secondary caries, compound, and care was taken to thoroughly inspect
increased postoperative sensitivity, and pulp patholo- the bonding area. Wires that were 20 millimeters in
gy.0 From the orthodontic point of view, microleakage length were bonded to the lingual surfaces from the
between composite and enamel can cause white spot middle portion. While samples were prepared, care
lesions, which could cause lingual retainer failure or was taken to shape the bulk of the composite 4 mm
could result in their removal. On the other hand, po- in diameter and to ensure I mm of composite thick-
lymerization shrinkage and concomitant microleakage ness over the wire.2' However, for ethical concerns,
can trigger the most common lingual retainer failure smaller and larger samples were included in the study.
type, that is, detachment at the composite/wire inter- Transbond-LR (3M Unitek) composite was applied
face.2 ' This is said to be the result of insufficient com- and cured with one of the following LCUs at the follow-
posite over the wire and material loss due to abra- ing curing times, as suggested by manufacturers:
sion.Y2

As a result, the microleakage beneath the compos- * Group 1 (Control): QTH (Hilux 350; Express Dental
ite is particularly important in orthodontics, especially Products, Toronto, Ontario, Canada) for 10 seconds
for lingual retainer adhesives, because they are ex- * Group 2: LED (Elipar FreeLight 2; 3M ESPE, See-
posed to the oral cavity and are intended to serve in feld, Germany) for 5 seconds
the mouth for a long time. LCUs differ in radiance, and * Group 3: PAC (Power Pac: American Medical Tech-
it has been shown that radiant exposure has a signif- nologies, Hannover, Germany) for 3 seconds
icant effect on microleakage.' 5 So far, no research has
reported on the effects of high-intensity LCUs on mi- Microleakage Evaluation
croleakage of FSWRs.

Therefore, the aim of this in vitro study was to mea- Prior to dye penetration, the apices were sealed with
. sure and compare the microleakage between the com- . sticky wax, rinsed in ta p water, and air dried, and nail
posite/enamel and composite/wire interfaces .of varnish was applied to the entire surface of the tooth,
FSWRs that are bonded with two high-intensity LCUs .except for the area approximately 1 mm away from the
(LED and PAC) and a conventional 0TH light. For the composite bulk. To minimize dehydration of the bulk,
purposes of this study, the null hypothesis assumed the teeth were put into water as soon as the nail polish
that the type of LCU Used would not affect the micro- -had dried. The specimenswere immersed in 0.5% so-
leakage that occurs. at the composite/enamel and lution of basic fuchsine for 24 hours at room temper-
composite/wire interfaces. ..- ,ature. After they had been removed from the solution,

gleOthodontist Vol 78. No 6,. 2008
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Table 1. Microleakage Scores at the Composite/Enamel Interface

Statistical
. Groups N X.. . SD Min Max Evaluation

Group 1 15 0.22 .0.39 0.00 1.00
Group 2 15 0.22 0.28 0.00 0.75 NS
Group 3 15 0.33 0.48 0.00 1.75

B ~N indicates sample size, X. mean; SD, standard deviation; Min,
minimum; Max, maximum; NS, not significant; Group 1, quartztung-

FIgure 1. Microleakage between (A) compositelenamel and (B) sten halogen (QTH); Group 2, light-emitting diode (LED); and Group-
composite/wire interfaces. 3, plasma arc curing (PAC).

the teeth were rinsed in tap water, and the superficial Table 2. Microteakage Scores at the CompositelWire tnterface*
dye was removed with a brush and dried. Multiple

The composite bulk was sectioned in a transverse Comparison
plane (parallel to the lingual retainer wire) just above Group . N . X . SD Min Max Group 2 Group 3
the wire with a low-speed water-cooled diamond. First,
specimens were evaluated under a stereomicroscope Group 2 15 2.35 1.28 1.00 4.50 Ns
(20x magnification) (SZ 40; Olympus, Tokyo, Japan) Group 3 15 2.63 1.49 0.75 5.00
for dye penetration along the composite/enamel inter- -N indicates sample size;-X, mean: SD, standard deviation; Min,
face at the mesial and distal borders. Then, lingual minimum; Max, maximum; NS, not significant Group 1. quartztung-
retainers were gently removed from the restoration, sten halogen (Qm); Group 2, light-emitting diode (LED); and Group
and dye penetration at the composite/wire interface to 3, plasma arc curing (PAC). * P < .05; - P < .01.
the mesial and distal borders was evaluated under a
stereomicroscope (Figure 1). Microleakage was as-
sessed by direct measurement with an electronic dig- wer pool microleakage scores for each
ital caliper to the neirest value as a range between LCU and n we otae by calcua h
0.5 and 5 millimeters, and the data were recorded. mean of the mesial and distal microleakage scores.

Statistical Analysis CompositelEnamel Interface
For each composite interface (composite/enamel orForachcomposite/wire),the inteface (co s ne o Descriptive statistics and comparisons of microleak-

composite/wire), the microleakage score was obtained .
age between the enamel and adhesive interfaces of

aieakage the three LCU groups are shown in Table 1. Little or
scores. After the mesial and distal leakage was statis-
tically evaluated, the score for each composite and in-

and the differences were not statistically significant (Pterface was obtained by calculating the mean of the >.5.Teeoe h is oto ftenl yoKmesil ad dsta mirolakag scres Th Shpir- >.05). Therefore, the first portion of the null hypoth-mesial and distal microleakage scores. The Shapiro-
Wilks normality test and the Levene variance homo- esis failed to be rejected.
geneity test were applied to the microleakage data. Composite/Wire Interace
The data did not show normal distribution, and no ho-
mogeneity of variances was observed between Descriptive statistics and the results of statistical
groups. Thus, statistical evaluation of microleakage tests for microleakage at the composite/wire interface
values between test groups was performed with Krus- are shown in Table 2. Statistically significant differenc-
kal-Wallis and Mann-Whitney U-tests with Bonferroni es were noted between Groups 1 and 2 (P < .05).and
correction. Intraexaminer and interexaminer method Groups 1 and 3 (P < .01). However, no statistically
error was evaluated by the kappa test. The level of significant difference was detected between Groups 2
significance was set at P < .05. and 3 (P > .05). Comparison of the results showed

the least microleakage with 0TH (mean, 1.10 -t 1.05
RESULTS. mm) and the greatest microleakage with PAC (mean,

lntraexaminer and interexaminer kappa scores' for.~ 2.63 ± 1.49 mm). Therefore, the second portion of the
null hypothesis was rejected.assessment of microleakage were high, with all values n

exceeding 0.8.
DISCUSSIONComparison of the mesial.and distal microleakage

scores for all specimens showed no statistically, sig- Light-activaied composites are now the material of
nificant side differences (P .05). Thus, the mesial -choice for most orthodontists, and selection of these

-Angles Orlh odonfst, Vol 78, No 6, 2M0
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MICROLEAKAGE UNDER BONDED RETAINERS 1087

materials is important.2 Until recently, QTH LCUs camphorquinone. whose initiation wavelength is 470
were the most popular LCUs4 in dentistry, but these to 480 nm, is the most common filterfor most lights. 4

units have drawbacks such as limited light power out- Therefore, Transbond-LR, which is a specially manu-
put when compared with consumed electric power, factured composite for lingual retainers, was thought
degradation of components, and a short lifetime." to polymerize in these wavelengths with all LCUs used
Moreower, it has been shown that halogen curing lights in this study. All specimens were prepared by the
deliver an inadequate light density.? With the intro-, same investigator, and care was taken to get 1 mm
duction of LEDs in 1995,4 these drawbacks were adhesive thickness over the wire.
thought to be overcome. The longer lifetimes and more In this study, curing times were chosen according to
consistent light output with LEDs compared with hal- the manufacturers instructions. Usumez et aR4

ogens show promise for their use in orthodontics. Ac- showed that curing Transbond-LR for 6 to 9 seconds
cording to Usumez et al," another concern is the re- with PAC and for 40 seconds with an LED yielded sta-
duced curing time. Curing for 20 seconds with an LED tistically similar results when the degree of conversion
yields similar results to curing for 40 seconds with a was taken into account. Besides these results, curing
QTH. The advantages and disadvantages of these for 3 seconds with a PAC produced statistically similar
LCUs over others have led to a research focus on their direct cure (DC) values compared with conventional
in vitro performance. In this study, investigators aimed halogen lights used for 40 seconds. Investigators
to evaluate microleakage in and around bonded lin- thought that, in keeping with the results of previous
gual retainers, while using the same orthodontic com- studies?' increased curing times achieved with the
posite cured with different light sources. PAC may promote microleakage.

Several techniques have been introduced to assess From this perspective, lingual retainer composites
microleakage around dental restorations. The easiest can be used as restorative materials more often than
and most commonly used method involves exposure composites under a bracket, and this bulk of compos-
of the samples to a dye solution before cross sections ite is more prone to polymerization shrinkage and gaps
are viewed under a light microscope." If the relevance between the teeth and the adhesive. At the same time,
of a leakage test is to be evaluated, the effective size these gaps may be the reason for microleakage. How-
of oral bacteria must be considered. Because of the ever, results of this study showed no statistically sig-
range of bacteria sizes, dyes such as methylene blue nificant microleakage between enamel and adhesive
and fuchsine are realistic agents to use for identifying with either of the LCUs used; thus, the total null hy-
the presence of a clinically relevant gap.?.3' Dye pen- pothesis of this study failed to be rejected. This finding
etration was chosen for this study because it provided is consistent with restorative dentistry studies that
a simple, relatively cheap quantitative and comparable showed no significant difference in microleakage be-
method of evaluating the microleakage of lingual re- tween the enamel and composite interfaces when dif-
tainer composite through the use of various LCUs. In ferent LCUs were used.n.35

the present study, all specimens were evaluated by From another perspective, according to the results
two operators at two different times so measurement of this investigation, statistically significant differences
error could be evaluated. Interexaminer and intraex- for microleakage at the composite/wire interface were
aminer kappa scores for assessment of microteakage noted among OTH and the other two high-intensity
were high, with all values greater than 0.80. However, LCUs. Thus, the null hypothesis that assumed that the
it is important to note that assessment was performed type of LCU used would not affect the microleakage
only at the mesial and distal aspects of each tooth. between composite/wire interfaces was rejected.
These sites were selected because they were readily In the literature, it is clearly stated that the most
identifiable on each specimen. common failure type for lingual retainers is detach-

The wire of choice for this testing procedure was ment at the wire/adhesive interface.21,24 According to
0.0215 inch PentaOne. Today, this wire is most com- the results of this study, statistically significant micro-
monly used in orthodontics for lingual retainer fabri- leakage at this interface may be interpreted as a factor
cation,r and a study by Bearn et a121 showed that a for failure. Higher scores were recorded for the PAC.
diameter increase from 0.0175 inch to 0.0215 inch in- light source, and.PAC results were comparable with
creased the force required to pull out the wire from the those of LED LCUs.
composite.

The match between the waVelength of the LCU and CONCLUSIONS
the required wavelength for polymerization of adhe-
sives is another consideration for'light-activated ad-- oLittle no microleakage occurs at the composite/
hesives. In orthodontics this vas not thought to be - -'.-enamel interface with high-intensity LCUs.
a major concern because the 'common photoinitiator, High -intensity LCUs allow more microleakage at the
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composite/wire interface and may not be. safe for Theory; Practice and Cases. Philadelphia, Pa: Lippincott

bonding of lingual retainers. Williams & Wilkins: 2004:47-57.
18. AttarN, Korkmaz Y. Effect of two light-emitting diode (LED)
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ARTICLE INFO ABSTRACT

Article history:
Received 1 March 2007 urpos oe study was to investigate the shortest Possible exposure time
Accepted 4 December 2007 odent Le ring devices for five different resin composites in a clinically relevant invitomodel, where a77rm distance from the light guide tip to the bottom side of the cavityWas compiled.

Methods. Resin composite samples (Teaic EvoCerarn A3,Keywords: CeaXMn ~ 6sme ti v~rmAFiltek Supreme XT A3B, Premise A3,
Keywords: ~ ~~Ceraic Mono MS. QuiXfil) were filed in three increments of 2 mmtik esec nsanDental material less steel moulds (0 .5Smn h m ree incrment om thickniess each in stain.

ID e n m ae ia legff te e lmlue L d s-curing c= m m , n =9). The sam ples w ere increm entally exposed to
lro-ouning device different blue LED-curing devices (Bluephase Ble h s CS Bu p aeli/ oca Vva etM composite L..eernI/d eEpae Bluephase C8, Bluephase 16WI/voclar Vivadent,acialmexposuretime L.E.Denetro usda r t Elipar FreeLight /3M ESPE, Smartlite PS/DENspLY, TranslaxPower

~nlna epour dneBlueHeraeus) according to the manufaturr, recommendatins at adistance of 7 nr fromthe bottom of the cavity to simulate a class Il-curing situation.
Surface hardness was measured (Zwick Z2.5/TSs) 10 mi POst-exposure at the bottom

surfaces of the resmin sample. Abottonvtopsurtce hrdess ratio of 80% of a reference sam-
ple (2 mm thickness, 40 s), was defined as clinically acceptable for safe curing. A desaiptive
statistical analysis was carried out.
Results. The curing devices Bluephase, Bluephase CS, Smartlite PS and Translux Power Bluecould cue all composite resins investigated sufficiently in the exposure time recommendedby the mnanufacturers (10-20s). The curing device Bluephase 16i and L.E.flemetron 11 onlycured the composite Quixflsufficientlyin the exposue te reco ended by the manufac-turer. Freetight 2+ allowed a 10 s exposure time for all materials except Cerab X Mono (20 a).
Signifcance. When incrementally exposed, all resin composites investigated were polymer-
ized sufficiently at a maxinum of 20s exposure time.

0-2GO?-Acadmny-uf vencat Materials. Published by Elsevier Ltd. All rights reserved.

1. introduction 
The depth of cure of composite resins is mainly depen-dent on exposure time and the distance of the light guide

Hgh power blue LED (light emitting diode) curing devices are tip of the light source from the composite resin. Furthermore
devidsr weir t m tenat etnohgh previously LED layerthickness, shade and the translucency of the composite
devices were to. some extent inferior to high power Qfll cur- resin ivi an influence on the depth of Cure. It is unknown,ing devices, current blue LED visible light curing units (VCL) if the established deterinaton of depth of cure Itcisdunknoare comparable or even superior to high pwer QTH. curing. ISO 404:2000 is in accordno odpth of cure according toSdevices, due to an enormous increase of power-outputofhigh a distinct disnc ance with the cliiial sitting sincepower~ue LE~ (1).tindditanedbetween 

themgligt guide tip and tebtpower blue LEDs [1J 
tom side of the resm composite sample is conmonly found.

% fnding author. TeL: +49 6131177247; fax: 49 6131 173406..% l address: schattanouni-mainktde (A. Schattenberg).0109r5641/$ see front matter 2007 cadeiy of Dental Materials. Publis E er dAl ghts resered46i:1o 1016/6 denttal.zao7.u .001

NIJA 16rnrr~cl ero If(

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



1044 DENTAL MuATERIALS 24 (2ooS) 1043-1049

Hansen and Asmussen [2] described, that a class II cavity in combination of light curing device/resin composite when.an
upper molars can exhibit cavity depths of up to 7 mm. Thee- incremental curing is taken into account

fore, this distance has to be considered in ain investigation
on depth of cure. In accordance with this data, Felix and

Price [31 asked for power measurement of curing devices at a 2. Materials and methods
distance of 0-10 mm to simulate clinical relevant conditoits,
since the measurement with zero-distance cannot conclude For this study on minimal exposure time,, stainless steel
to measurements in a.10 mm distance. with increasing dis- moulds of 5 mni in dia eterwith a height of 6 mm were filled
tatice between light guide tip and radiometer, Meyer et al. (4) in three increinents of 2mm thickness each. Five different
reported significantly reduced data. .state of the art resin composites (Tetric EvoCeram A3, Supreme

In accordance to these informations the depth of cure of XT A3B, Premise A3, CeramX Mono M5, QuiXfil, n=6, Table 1)
different composite resins was investigated in contrast to ISO arid seven different high power blue LED-curing devices (Eli-
4049:2000, where a light guide tip is placed. on top of the par FreeLight 2+, Bluephase, Bluephase 16i, Bluephase CS,
resin composite sample to be investigated but in a distance LE.Demetron II,. Smartlite PS, Tanslux Power Blue; Table 2)
of 7 mm [5]. However in these investigations it was not taken were selected for the investigation. With the curing devices
into account that a single increment as it was investigated in Bluephase, Bluephase 16i and Bluephase CS, the high power-
the mentioned study, does not represent a clinical situation curing mode (HIP) was employed since these curing devices
except for bulk fill-restoration. In clinical r ty, this incre- are equipped with three different curing programs. All other
ment is mostly covered by two more increments of almost the - curing devices were used in the standard modus.
same volume. Therefore, the exposure of a second layer of The experimental setup was selected to simulate a clin-
resin composite placed incrementally on top of the previous ically relevant setting for restoring a Class II cavity in three
one might positively influence the overall polymerization of increments of 2mm thickness each. in coincidence with pre-
the first increment. vious studies [14], the light guide tip was placed at a distance

Since power output of curing devices increased constantly of7 mm to the simulated cavity floor, resulting in a 1mm space
in recent years [1,6], nearly all high power LED-curing devices between the light guide tip and the top resin composite layer.
available nowadays provide the necessary light emission spec- Both resin sample surfaces were covered with a cellophane

composite [5,7). The question arose, if exposure time can be oxygen inhibition layer. The steel moulds were placed on a
reduced from 40s as recommended as a standard exposure dentin colored base socket (Venus CA 3, Heraeus, Hanau, Ger-
time to cure a 2.0mm increment sufficiently over years (3]. To many) to obtain light reflection and absorption phenomena as
achieve an equal degree of curing with shorter exposure times it occurs in patients.
the manufacturers increased the power output of the curing In a first approach, the exposure times used were as rec-
devices. But it was reported, that there is no linear correlation ommended by the manufacturers for the different curing
existing between the power output and depth of cure of resin devices. While some manufacturers (DENTSPLY) provided very
composites (5). And thus the increased power output might detailed informations on individual resin composites even
result only in a negligent improvement in depth of cure, while from other manufacturers, most manufactures (i.e. 3M ESPE)
a significant rise of temperature occurs [8). . provided only vague information on exposure time as i.e. to

To determine the depth of cure, the degree of conversion reduce the exposure time recommended from the resin com-
can be measured [9,10] using FITR spectroscopy [11] or a pen- posite manufacturers to 50%. Therefore initial exposure time
etrometer (12,13]. In the present study surface hardness was investigated varied from 5 to 20s, depending on the individual
determined to assess the depth of cure of different curing resin composite/curing device combination (Table 3).
devices with different composite resins. Ten minutes after light exposure, the surface hardness

The aim of this study was to determine a minimum (universal hardness) of theresin composite samples was mea-
exposure time for different resin composite/blue LED-curing sured using a load of 4.9 Newton (Zwick Z2.5/TSIS, Zwick
device-combinations with a cimical relevant distance or' um GmbH. Ulm, Germany, loading speed i mm/mm) employed
between the light guide tip and the cavity floor (bottom side of from the bottom surfaces of the test samples at three dif-
test sample) when an incremental layering of a total of three ferent spots, to consider an unequal light exposure of the
individually exposed increments was compiled. resin composite sample surface. The mean value of those

A hypothesis was set, that the minimum exposure time three individual measurements was taken as the overall sur-
can be reduced to a 10 or 20s with respect to the individual face hardness value for this individual sample. In contrast to

ibResin composte ie Maritiu turer . Shade Ltnumber

'-.:.I..........................
Tehric voCeran Jvocl/Vivadent. Schaan, Liteten -. A.1 .J9968
Filtek SupremeXT 3M ESPE StPaul. MN USA A3B1 20061
Pris .ii a05-135501
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LED curing device - anufacturer Radiometer data Serial number
(Ulbridcht sphere)

Elipar Free Light 2+ 3M ESPE 975 nW/cm2  
939820016379Bluephase. - . .. lvoclar/Vivadent 1083mW/cm - 1543203Bluephase 161 Ivoclar/Vivadent 1370 MW/cm2 1587039Bluephase CS Ivoclar/Vivadent 730 mW/cm2 1565534L.LfDemetron II Sds Kerr -. . 1091-1247 mW/cm 2  
782004849Smartlite PS. DENTSPY 879mW/m2 RA 01514ITanslux PowerBlue Heraeus Kulizer 852mW/cm 2  
0600G654

Radiometer data were obtained from the Ulbricht-sphere.

the measurement of the original "Vickers" hardness, where
the diameter of the impression, generated by the Vickers- Test sample Reference sample(6 m, 3 isncreines 1& mm, (2 nuo, 40,1 polym.)diamond (1360), is measured optically through the diamond 1mm] / m20 i polymntisamion)
itself, this device, using a comparable diamond under load, 1
measures the depth of impression, from which the diame- Frpasms
ter and there from the hardness can be calculated. Hardness Composite
was defined as "universal hardness", determined under load, us tfts
in contrast to "Vickers"-hardness, originally not determined
under load. 0 It:19 I :I

In addition, six reference samples (2mm thickness) were osulndt i comp.iw
made of each resin composite and were exposed for 40s sainie stool mould mm
under direct contact to the light guide tip. According to that, a
maximally cured reference surface could be expected. Those .r.mimuioer
reference samples were generated for all curing devices. The
mean surface hardness of all reference samples from a single n e son
esin composite, obtained from exposure with all the different Fig. 1- Schematic drawing of the test setup to investigate-uring devices, was taken as the reference hardness value for the depth of cure. Each test samples of 2 mm thicknessthe individual resin composites (Thble 4). The mean bottom (tree increments, each 2 mm) was exposed within asurface hardness values from the reference samples bottom distance of 7 mm between the light guide tip and theside,.exposed from-a distance of 7mm and thereafter incre- bottom of the resin sample, while the reference samplementally recurred, were correlated to this reference surface (2 mm thickness) was cured under direct contact to thehardness (Fig. 1). llghtguide tip. A ratio a80% of test samples bottom sides toA bottom (test sample) to top (reference sample) rela- reference samples top surfaces was defined as sufficienttive surface hardness ratio >80% was defined as sufficiently curing.

cured. When the calculated surface hardness ratio between
the bottom of the test sample, that was cured three times
(3mm x 2mm) and the top of the reference sample, cured
under direct contact to the light guide tip, was 100% or more, composite increments were exposed with an exposure timeexposure time was reduced by 10s (5s with L.E.Demetron increased by a further 10s (S s with the L.E.Demetron II).II). With a surface hardness ratio <80%, the exposure time The power output of all curing devices was determinedf a rp in el t wins inc ea o luss with after the investigation with an Ulbricht sphere (GigahertzL.E.Demetron II). If the relative surface hardness ratio was Optik GnbH, Puchheim, Germany). A descriptive statisticalthen <80% again, another trial was performed, where the resin analysis (Excel) was carried out.

Bluephase Eluephase 16i Blueshase CS Eernetnon IIu FreeLight 2+. Smartlite PS Power Blue
EvoCeramn . 10 (10s) 20(10s) .20 (20s) 1 (SS, 10(10os) 20(203a)- 10(20s)supreme XT 15 (15 s) 20 (10 s) 20 (20 s) 10(5s) 10(109) 20 (20s) . 20(20s).Premise 15(15s) 20(10s). 20(20s) . 10(5s) ' (10 ) 20 (20 s) 20(20s)Ce.mx . 15(1s s) '0(10Pis) 20 (0s)' 15 (5s) 20 (10 s) 20(20s) 20 (20 s)

i .XA5 (158) - .10 (10 s) 5 (20s) 5(5s) 10 (10s) .1 (.0.) 20 (20s)
The ntmber in arentheses in eachboxrepresetst recommeridationoftht manufacturErdnexposure timeeiiaementofresincompOte

.... .... .... ......- -. ,~I t..
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3. :Results

. Thepower output data obtained from the measurements with .
oo . the Ulbricht sphere are shown in Table 2. The mean surface

lardness reference values are shown in Table 4.The mean top

surface hardness of each composite resin sample was used as

the oveiall reference sample for the- further investigation of

depth of cure within the 7 mm distance to the light guide tip.
Based on the surface hardness ratio determined, a minimal

exposure time for every light guide tip with every composite

resincouldbeacqiuired. The resultingminimalexposure times

were a relative surface hardness ratio >80% was achieved and

the exposure times as recommended by the manufacturers
are shown in Table 3. In 23 test approaches the exposure time

.recommended by the particular manufacturer was appropri-

b :ate (Table 3). Nine of 35 recommended exposure times of the

manufactures for an appropriate exposure were too short and

a . sufficient surface hardness were not achieved: this was the

case for all the composites exposed with the Bluephase 16i

and the L.E.Demetron II except for QuiXfil (10 and 5 s) as well

. as for CeramX when cured with the FreeLight 2+. In three

..... ~ cases, even a reduced exposure time could be obtained: as

there was no individual recommendation for the QuiXfil from

the manufacturers except from DENTSPLY, this material could

be sufficiently cured in 5s when incrementally applied and

exposed with the Bluephase and the Bluephase C8. A 10 sec-

. ond exposure time was sufficient for Tetric EvoCeram, when

exposed with the Translux Power Blue.

4 44 :4:3 00 O . 1

4. Discussion

The depth of cure of different composite resins was assessed

by the determination of the surface hardness in this study.
The determination of the surface hardness is still the most fre-

quently used method [15,16]. Even though other methods like

the determination of the degree of conversion (9,10] appears
to be the most sensitive and reliable-method to evaluate the

depth of cure [17,18), surface hardness measurements seem to

come relatively close to the results obtained with these meth-

ods [11). By means of the determination of surface hardness,
5"-.ent-e"os"aeachnique and.placdures can be com-

MotE. a Va Z apared [15,16,19,20] and data thus obtained can be related to
the degree of conversion to a certain extent [21,22).

. .... The testing of material properties such as flexural strength
. and modulus (13) are also suitable methods to compare dif-

ferently eiposed resin composite saiples..An 80% ratio in

relaive'urface hardness. as the.defined limit for sufficient

. .. depth of cure was commonly used in the literature [21- 2 3 ).

Since increased distance between the.light guide tip and

R4 0 E the composite reslts m a decreasei power density -[24]

and curing efficiency [25,261, a clinically relevant distance of

7nm between the light guide tip and the bottom side of the
,-simulated cavity was used in this irivestigatioi to obtain an

"' 4. experimental setup, which caie a cloe as Possible to a clin-

ically releant ex perimental setup [2,14 27;
As the shade and opacity of a-composite-resin has an

impact onthe depth ofcure 28] theshade A3was used forTt-

trnc ECe Fite SupremeXTandPiemise asitwas donein
EiVean ,,,...± *r-e wa oe

-ti~ - 41~"-IV'" .. ,*L,-'L
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previois studies [29,30). According to manufacturer's recom EvoCeram is a different material than Tetric Ceram. The same
mendations, CeramX Mono MS is equivalent to a Vita A3 On was-observed for QuiXfil that was previously tested polymer-
the other hand, QuiXfll is only available in a very translucent ized sufficiently after 20 s of exposure, but in the current study
universal shade, especially designed to allow short exposure only a 5s exposure time was necessary in most of the cases.
time and an improved depth of cure: Due to the fact that only For the SmartLite PS, 40 s were needed to sufficiently cure the

. the determination of the minimal exposure time for a defined QuiXfil in the cited study. However, in the present study 10s
increment of 2mm thickness was the subjectof thisinvestiga- exposure time was enough to cure a 2mm increment It has
tion, no conclusion can be drawn with regard to the maximum to be kept in mind that these investigations are not directly
bulk thickness possible, which might result in a sufficient comparable since in the previous one, only a single increment
polymerization. One has to keep in mind that a lighter shade of 2 mm was cured out of a distance of 7 mm.
like a Vita A2 probably results in better outcomes:concerning So far, an exposure time of 40s was considered to be a
relative surface hardness. standard to cure a composite increment of 2.0mm sufficiently

The determination of the surface hardness was done over years [3]. However, after critically reviewing the recent
10 Min after light exposure. This time was needed to mount data, recommendations should be changed. In comparison to
the composite samples into the measuring device. Even the recent investigation (5], incremental exposure seems to
though a post-cure-polymerisation over the following 24 h has have a positive influence on the time needed for sufficient
been described in literature (31], the current study measured cure: There was a reduced time needed to cure composite
the surface hardnesses only immediately following light expo- increments sufficiently when multiple exposures were taken
sure. That was due to the fact that the operator should expect into consideration, depending on which combination of cur-
that the restoration has to be sufficiently cured to allow a mas- ing device and composite was tested. All composites could
ticatory loading immediately. If there would be a time interval be cured sufficiently within 20 s of exposure time with incre-
with restricted loading, additional information on that had to mental layering. The present data supports the observation
be delivered by the manufacturers. Due to the fact that not a that the investigated composites are a determining factor and
single instruction manual addresses this point, we came to the influence the polymerization time needed for sufficient cure
conclusion, that immediate loading testing were appropriate to the same extent as the curing device [5,33]. Therefore, the
for the present study. exposure time necessary to polymerize an increment suffi-

The composite surfaces were both covered by a cellophane ciently mainly depends on the individual combination of a
strip. It has to be taken into account that this layer is enriched particular curing device and a particular resin composite. This
with monomers and the hardness values might be lower com- assumption is supported by the investigations from Price et al.
pared to a finished and polished surface. But since relative [3,34). Therefore it can be concluded that the polymerisation
surface hardness between bottom and top-surface was deter- time can be reduced, if a multiple exposures for composite
mined and both surfaces were covered with a cellophane strip, increments are taken into consideration.
no interference was expected. The exposure times recommended by manufactures could

In contrast to previous investigations [5,14], the present be verified in 23 cases (Table 3). This resulted in two groups
study was designed to evaluate the influence of a second and of similar power output. One group cured composite incre-
third layer of resin composite, placed on top of the previously ments with. a mean exposure time of 11/12 s per increment
applied one. With this approach the former increment might from the resin composites investigated-including the QuiXfil
be post-cured and the remaining exposure light might pass (Bluephase, LEDemetron II, Free Light2+) while the other group
through the second (or third) increment This was particularly . cured composite increments in a mean of 17/18s per incre-
addressed in this study. A 40s exposure time was selected to ment (Smartlite PS, PowerBlue, and Bluephase CS). Comparing
ensure a maximum hardness of the reference samples at the the obtained results. to the acquired radiometer data derived
surface top. It is known from the literature that an exposure from the Ulbricht-sphere, no linear correlation between power

.e-of-f&iaehievem-furter-increasef-the-plymerization---and-the-emiing-potentiale s-eb~served.-Even-though--the
and the surface hardness [32]. However, this approach seems Bluephase 16i showed the highest top surface hardness
to be far from clinical practice. . (Table 4), the curing device showed an unexpected curing per-

Therefore with doubling of the exposure time of the ref- formance compared to the other curing devices tested that
erence samples, a sufficient cure of those samples could be cannot be explained by this investigation. Although Radiome-
expected. While the exposure-time of the reference samples ter data obtained from the Ulbricht-sphere are appropriate to.
was 40s in all-the cases,- in'some approaches, the test-samn compiredifferentlightisources,thcuihgperformanceoftlie
ples were exposed ii anverall shorter tine A 10s exposure different devices cannotbecompredin the samerao Therel.
timne perincrement resulted in1 anoverall exposure tiie of fore recomimendations on exposure time should not only-bi
the entire restoration of 30s, which is 25% less than the ex o -based oriniasurements of the power output.
sure time of the referefice sample.-This was in accordance; 1 It is known that the new. generation of blue LED curing

'V. with the inanufacturer's description to cure a resin compds- devices develops more heatlian devices of the first generation
ite restoration sufficiently when such a number of increients -" [9] 'the high power LEDcuriig devices provide the necessary

. e gtrenused.um to a composit sins sufflcently [7) a fur
In an earlier investigatioin] the Bluephase cured a 2.0mm ther merease of power density does not seeim to be fiecessiary

increment of Temc Cemam at 40s sufficiently in the present-'-aindpracticable due to the significant rise of temperature .81
investigation only 10s were needed for sufficient cure of Tet while at the sane time thi depth of cure canrot be improved
rnc EvoCeram But i ha to be taken iito account that Tetnc to the same extent Besides that lnezevic et al. [5] found

Z' ;JC ~ 4 ~ ~-.*.k , ~ 3
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that the highest rise in temperature occurred during the first polymerization of composite resin samples with blue 

20ds, due to the additional exothennic heat prod frction f diodes. j Oral Rehabil 2001;28:586-91.
20sdetothe poaiinsina cpoterm Thea nrosei tonm[10} Tarle Z, Meniga A. Knezevic A. Sutalo J, Ristic M. Pichler G.
the polymerizing resin composite. The increase in tempera- Composite conversion and temperature rise using a
ture during the first 20 s depends cn the light density of the -conventional, plasma arc, and an experimental blue LED

emitted light [35); Thus with a certain power output available, curing unit jorai Rehabl 2002;29:662-7.

it does not seem appropriate to increase the power output of [11I Rueggeberg FA, Craig RG. Correlation of parameters used to

blue LED- curing devices further on. Nevertheless, the applica- estimate monomer conversion in a light-cured composite. I

tion of blue LED-curing devices can be considered as efficient Dent Res 1988;67;932-7.

ar.d save [01 (12) Mills RW, Jandt KD, Ashworth SH. Dental composite depth of

cure with halogen and blue light emitting diode technology.
Br Dent ] 1999;24:388-91.

Conclusion [13) Stahl F. Ashworth SH, Jandt KD, Mills RWL Ught-entting
. diode (LED) polymerisation of dental composites: flexural

properties and polymerisation potential. Biomaterials
Al the blue LED-curing devices investigated inthis study had p00p21:1379-85

200 0;21:1379485.

the potential to cure composites sufficiently, butit could be [14) Ernst C, Meyer GR, Muller J Sterider E, Ahlers MO,

verified that the different composites required different expo-. willershausern B. Depth of cure of LED vs QTH light-curing

sure times. All composites tested were cured suffiiently in an devices at a distance of 7 mm. J Adhes Dent 2004:2

exposure time of 20 s when a multiple exposure of conpos- 141-50. Bush AC. A comparison of polymerization by

ite increments was taken into consideration. The post-curing light-emitting diode and halogen-based light-curing units. J
through a second and third layer of resin composite might Amn Dent Assoc 2002;133:335-41.

positively influence the polymerization of the first increment (16) Mills RW,Uhl A, Blackwell GB, Jandt KD. High power light

on the interproximal cavity floor. The minimum exposure time emitting diode (LED) arrays versus halogen light.

can be reduced to 20 or 10 5 with respect to the individual light polymerization of oral biomaterials: Barcol hardness,

curing device/resin composite combination. compressive strength and radiometric properties.
Biomaterials 2002;23:2955-63.

(17] DeWald JP, Ferracane JL. A comparison of four modes of

evaluating depth of cure of light-activated composites. J
Dent Res 1987;66:727-30.

[18] Ferracane iL. Correlation between hardness and degree of
This study was supported by Ivoclar Vivadent, DENTSPLY and conversion during the setting reaction of unfilled dental

sds Kerr. .restorative resins. Dent Mater 1985;1:11-4.

[191 Nomura Y. Teshima W, Tanaka N, Yoshida Y, Nahara Y,
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)epth of Cure of LED vs QTH. Light-curing Devices at a
Distance of 7 mm

Claus-Peter Ernsta/Gerrit R. Meyerb/Jutia MOIlerc/Elmar Stenderd/M. Oliver Ahlerse/
Brita Willershausenf

VPurpose:zTo deteminethedepth offcuredo 5 blue LED cungdevicescopardtohatobtained with 3 QTH curingt,
devices.. .. / - --< .

Materials and Methods: The LED curing devices tested were1) e-Light 40 s; 2) Ehpar:FreeUght: 40 s; 3) Elipar
FreeLight 2: 20s and 40 s 4) Ultra-Lume LED 2: 20 s and 40 s; 5) LEDemetron 1: 20 s and 40 s The QTHcuring
devices tested were 1) Optilux 501: standard lght guide 20 s and 40 s, turbo light guide 20 s; 2) EliprTriLight
40 s; 3) Astralis 10.20 s. Surace hardness was measured (Zwick Z2 5/TS1S) 10 minafter exposure on thetop
and bottom surfaceof resin samples (TetricCeamA3, ItoS m;0.5 mm increment, diameter 5 n 9) which.
were cured at a distance of 7 mm from the bottom of the sample to the light-guide tip to simulate a Class 11 curing
situation. A reference sample was cured under direct contact with the light guide. The reference sample with the
greatest top surface hardness of all devices measured served as the overall control. A ottom/top surface hard
ness ratio of > 80% of the.reference sample cured at zero distance was defined as clinically acceptable for safe
curing. A descriptive statistical analysis was carried out.

Results: With QTH lamps the mean maximum resin composite sample thickness whien cured sufficiently (relative .1

surface ratio a80%) was: 3 mm for Optilux 501 standard light guide, 40 s 2.5 nmforTrilight 40 s andi .5m
for Astralis 10,20s The first-generation LED curing devices.FreeLight and GC Light both applied for 40s and
the Optilux 501*operated for 20s:'With the standard and the turbo light guide could not sufficiently cure a 1mm
thick sample ata distance of 7 mm..The new FreeLight,2 and the Ultra-Lume LED 2 cured resin samles upto
2.5 mm thick in40 s with a relative surface ratio 2 80%,' whiie-no sufficient depth of cure was found after 20 s
exposure time forthe FreeiUght 2. However, a 1 5-mm depth of cure with the Ultra-Lume LED 2 and the LEDemetron
1 with the13/11 mm ight guide was obtained after 20-s. The LEDemetron 1 equippedwith a 13/8mm Inght guide
reached a depth of cure of 2I0 mm No significant difference was found.between the Elipar FreeLight 2 Ultra-Lume
LED 2, and LEDemetron 1 in their overall curng potential (linear statistical model. 5% level. Bonferrom-correction)
given 40 s or 20 s'of exposure time

Conclusion: Application of the first-generation LED curing devices FreeLight and e-Light did not ensure clinically suf-
ficient depths of cure, while the new high-power LED curing devices FreeLight 2 Ultra-Lume LED 2 and LEfemetrori
1 showed a, curing potentialequal to theOptiiux 501; given 40 s of exposure time.

Key words: blue LED curing devices; QTH curing devices, depth of cure, clinically relevant distance, posterior teeth

Adhes cent.2004; 6 z4-1so ".Submitted for pubcrton- 20.0303 accepted for pnbcation: 09.o7.O3/ a

AssociateProfessor, Departmentofoperative Dentistry, Johannes Gutenberg . RepRvrnt requests: Or. Claus-Peter Ernst, Department of Operative Oentistry,
University Mainz, Germany. Augustusplatz 2, 55131 Mainz Germany Tel: +494131-177247;- Fax:

b Assistant P bfessor Department of Operative Dentistry; Johannes Gutenberg +96131173406 eMall Ernsttmail.un'malnz.de
University, Mainz, Germany.
Postgraduate Student4 Department of Operative Dentistry Johannes Guten--
berg University Main: Germany. - . her resin composite restorations in posterior teeth

d AssIstaAt Professor, institute for Dental Material.Sciences and Tenolagy VYV became a standard procedure in most dental offic-
JohanneiGutenberg univerirty Malnz German . es, different issues regarding depth of cure arose corn-
Associate Profbssor Departmnent of Operative Dentisey unives int to those pertinent to anterior teeth' In anterior res-
Hamburg-Eppendorf, German .. e.p.tie
Proftessor, Depar'tit of'a e entstry hanne utent rg Unver in compositerestorations; the layer thickness eposed at--
.sy ainz,-Germany -- once rarely exceeded ± to 2-mm, and the light-guide tip

Vol 6 No 2-2004- W 141

;At Ilr Cnrle.K ine.l;51W~l.-T

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Ernst et al

placed directly on top of the resin sample. A clinically rel-
evant distance of 7 mbetween the light-guide tip andthe bottom side of the resin composite increment should
be maintained, as this represents an average maximum
of approximal box depth:

Therefore, the aim of this study was to compare themaximum depth of cure obtained at a distance of 7 mm
using first-generation and recently introduced high-power
blue LED curing devices to that of conventional QTH cur-
ing devices. Sufficient cure was defined as. a surface
hardness ratio of 80% between the bottom and top
sides of resin composite samples.

MATERIALS AND METHODSFig 1 Stainless steel molds 5 mm in diameter and height varyingfrom I to 5 mm in 0.5 steps. The steel molds were placed on a Stainless Steel molds 5 mm In diameter and with heightsdentin-colored base socket to obtain light reflection and sorption ranging from tos 5 mm in 0.5-mm steps were bulk filledphenomena comparable to a clinical cavity preparation. Each steel with a standard hybrid resin composite (Tetric Ceram A3,ring contains 5 holes which will be filled with composite, Vivadent, Schaan, Liechtenstein, lot D 63754, n = 3 per
thickness and light-curing device; 3 measurments werettake per sample: 3 x 3 = 9). Both resin sample surfacescould be placed very close to the resin composite. When were covered with a cellophane strip (Frasaco, Tetdang,the use of resin composites was extended t posterior Germany) to avoid oxygen inhibition. The steel molds werecavity preparations, the thickness of incremental layers placed on a dentin-colored base socket (Charisma 08 3,was not as easy to control as In anterior restorations, and Heraeus-Kulzer, Hanau, Germany) (Fig 1) to ensure lightfrequently reached 2 to 3 mm. Therefore, demands arose reflection and sorption phenomena comparable to a cli-to obtain sufficient depths of cure by more powerful curing nical cavity preparation. The light-guide tip was placeddevices, even when the light-guide tip could not be placed 7 mm from the bottom side of the resin sample to simu-as close to the composite as Is possible in anterior cavi- late a clinical situation involving a Class 11 approximal box.ties.20  
A metal matrix system (Automatrix, Dentsply, Konstanz,The literature shows that a distance of 7 mm from the Germany) was wrapped around the light-guide tip, reach-light-guide tip to the gingival floor must be assumed in a Ing up to the top surface of the resin composite sampletypical Class 11 preparation.9,iB,24 Due to the fact that a (Fig 2). This experiment was carried out to simulate re-light-guide tip mostly rests on the occiusal edge of the flection phenomena of a metal matrix system used in acavity,2O these 7 mm must be taken as a clinically rele- Class 11 cavity restoration process. The resin compositevant distance between the light-guide tip and the lower was exposed for 20 s or 40 s according to recommenda-surface of a resin composite increment in the approximal tions by the manufacturers of the curing devices or thebox of a Class e cavity preparation. in this context, it is resin composite.important to recognize that increasing the distance be- Five blue LED curing devices (Table 1) were investigat-.tween the light-guide tip and the resin composite surface ad mainly using a 40-s standard exposure mode. Due toto more than 6 mm can cause a significant difference in the fact that the manufacturers of the FreeUght 2, Ultra-the polymerization of the resin composite 2 mm below Lume LED 2, and LEDemetron I. claim that a 20-s expo-the resin surface, although there is little change in the sure time is enough to cure Tetric Ceram sufficiently,light intensity determined on the surface.20 Pires et altt  these devices were additionally tested In a 20-s exposurereported a remaining power density of 7836 at a distance trial. The LEDemetron 1, equipped with a 13/fl-mmof?2 mm and of 47% at a distance of 6'mm. Slmilary, Pra- focusing light guide was investigated In a separate trialVtefl 7 found that the mean power output had fallen to' 'using the 13/8-mm focusing light guide recomme nded for61% at a distance of.2.mm anAd to; 23% at 6-mm' As -_-the_- Optilux 501.j Three QTH curig.devlces (Talj)e'sho IWnrecently,i2 .theought;Initensity ofdconventional QTH, seved .as con trol. While the- Elipar THiUgiht and .the Optildx-:.curing devices decreased 56%-to 76%at a> distance of 1501; both using a standard light guide;.were operated in10 m-comar~d o-. 100% powertiitbut at'.zero dis-.- the 40-s standard exposure modleAiie depth of Cuire ob-tanceato. a: radiomester In tha t part]c6ilar studyf the blue -tameid with Optilux 501 was also investigated aft er a 20s9LED1~ crin deic6 shweda sgnIflcantlj' gteaterA de exposure time using the Standard'light guide,:swelainease7inpoierouitput with increasing distance'bewer.3/ focusing light guide ( Turbo'- light guide) .As. re-..-. ~ ~ ~~~on lih~ietpbdrdd er~comparid to theQTfHdevic- -, commended by thetmanufcturer for curing resin compoas. As-a consequenie -of these findings, there was' a -site -filinhgs, the Astralisr10, equipp'edr with -a 13/S light.21 strog needfor f~t~iietg ns oti tedeprth of cure guide comTparable to that of thie Optlux51waoprj in contrast toO44:00weeh ih-ud i s *ed.In the 20-s: pulsed. mode, wheeItest increases
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[mmI

Fig 2 Experimental setup with the
light-guide tip placed 7 mm from the
bottom side of the resin sample to
simulate the clinical situation of aClass 11 approximal box. A metal_
matrix system was wrapped around
the light-guide tip, reaching up to the
top surface of the resin composite
sample.

Table ±. Visible light curing devices tested In this study. Conventional mH cwring devices are shown with a white background;first-generation LED curing devices are marked with a light grey background, high-power blue LED curing devices with a dark greybackground. The ticks In the right columns mark the exposure times investigated with the particular curing devices
Visible light Light guide Ught intensity [mW/cm 2J Manufacturer Serialnumber 20 s expo- 40 s expo-curing deviceume 208ep-4sexo

cu n sure time sure time
Elipar TriLight 8 mm standard 0 mm: - 500 3M ESPE, Seefeld, 3900402

7 mm: - 300 Germany
Optilux 501 11 mm standard 0 mm: - 500 SDS Kerr Demetron, 53100227 O D7 mm: - 300 Danbury. CT, USA
Optilux 501 13/8 mm 0 mm: - 800 SOS Kerr Demetron, 53100227 0focusing 7 mm: - 200 Danbury, CT. USA
Astralis 10, 13/8 mm 0 mm: attem. - 500-900 Vivadent, Schaan, 010072 0'Pulse"-mode focusing 7 mm: altern. - 100-200 Uechtenstein

GC e-Light 8 mm standard 0 mm: - 200 GC Europe N.V., Leuven, 01/29/004740 07 mm: - 60 Belgium
Elipar FreeLight 10/8 mnm 0 mm: - 250 3M ESPE, Seefeld, 939800000047 0Ifocusing 7 mm: - 100 Germany

from 150 mW/cm 2 to 650 mW/cm2 within the first 10 s srfaceahn=9.Inotrstohem sumntf

measuren alteral loa sf49e Zi .aps bewew5Wc 2 ad m th omparna blicers ad nessn und eroa e ae thedimtro

33'
isTructo anual)s faner 10di 

it
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.f . Test-samples Reference
(1 -5 mm thickness, 0.5 min incremenit) -sample

(2mm)

apasr-e tosoe eposure rpoluere
Ceram steel- sam-

matrix
.ti bg 3 Schematic representa--

on ofr thest setup to investi..
gate the depth of oute of Tetric

7 7.Ceram resin composite sam-
stines rsi .pies (shade A3). The t est sam,

stel cmpsite pies were exposed at a distance
mould -of 7 mm from the ligh~t-guide tip

to the bottom of the resin same
pie, while the reference sample

Determination of Determination of (2 mm thickness) was cured
bottom surface hardness under direct contact to the

V light-guide tip. A ratio of k 80%
of test sample bottom to refer.

Ratio musthe 80% ence sample top surfaces was
defined as sufficient curing.

In addition, three reference samples (2 mm thickness, RESULTS
3 measurements each on bottom and top, n = 9) were ex-
posed to each of the curing devices under direct contact The results of the radiometer measurements at 0 and
to the light-guide tip to obtain an optimally polymerized 7 mm are shown in Table 1. In Fig 4, the mean surface
resin composite sample. Of these 2-mm-thick reference hardness data from the bottom and top surfaces of all the
samples, the sample with the highest surface hardness reference samples are shown. The highest mean surface
was selected as the overall reference sample to repre- hardness (290.8 ± 19.1 N/mm 2) of the reference sample
sent the best polymerized surface that could be expect- was obtained with the Elipar FreeLight 2 after 40 s of
ed. The bottom surface hardness data obtained from all exposure. Therefore, the mean top surface hardness of
samples cured 7 mm from the light-guide tip were com- these samples was used as the overall reference sample
pared to this (Fig 3). A bottom (test sample) to top (refe- for the further investigation of depth of cure at7 mm from
rence sample) relative surface hardness ratio 80% was the light-guide tip. In addition, Elipar FreeLight 2 produced
defined as sufficiently cured. the highest bottom surface hardness of the 2-mm refer-

According to the manufacturer of Astralls 10, the "es- ence samples, 324.6 ± 10.9 N/mm2. Thus, the 2-mm
thetic cementation system" (ECS) - delivering 1200 mW/ reference samples cured with the Elipar FreeLight reached.
cm2 for 30 s - in direct light-guide contact could be the highest cure rate of all samples Investigated, followed
expected to result in the highest surface hardness; thus, by the QTH curing devices, in which 40 s of exposure time
three additional reference samples were exposed in this was used (Optilux 501: 284.9 ± 26.9 N/mm2 top surface
curing mode. hardness, 295.3 ± 22.0 N/mm 2 bottom surface hard-

The lIght intensity of all curing devices was determined ness; and Elipar TriLight: 273.9 ± 12.7 N/mm 2 top sur-
by means of a Demetron 100 Curing Radiometer (Keir- face hardness, 286.4 ± 14.70 N/mm 2 bottom surface
Demetron, Danbury, CT, USA). at 0 and 7 mm from the hardness). The~reference sample surface hardness ob-
light-guide tip with a metal matrix wrapped around the tained with the Astralis.10 operated in 20-s pulsed mode
light guide as it was performed Ih the depth-of-cure expe- was comparable to that 6f-the QTH during devices using
riments. . 40 s of exposure time: the mean top surface hardness

For statistcal analysis,.the difference in bottom hard-- was 274.3 ± 20.3 N/mm2 and the mean bottom surface
ness between different light-curing devices was assessed hardness 262.6 ± 111 N/mm2 .The 30-s ECS mode of the
in a linear modelwhici inctuded "thickness' as a co a Astralis 10 was arniily Integrated inlhe investigation to
ate in addition to the factor device"; Becausea total o obtain a maximaly cured resin composite surface. Sur
105 comticparisons was arried out a Bonferroni correctionc pnsingly this mode did hot show better results than te
was used to adjust for multiple testing Therefore onl 20-ipulsed mode However, it should be mentioned thaty

atues below 0.0005 coid be corsided signiant at before strtingto expose the rferec sampies to
5%I eL 2' .r 2trai 10ECSmode n bulb had to be changed

41,.
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exposure time.

so that a direct comparison between the referencesam- 501 with both the standard and the Turbo light guide: The

pies exposed with the different modes of the Astralis 10 Ultra-Lume LED 2 produced a sufficient depth of cure in

was not possible. The mean surface hardess data of the samples up to 2.5 mm thick when the samples were
other reference samples were far below the reference exposed for 40 s, and sufficient depth of cure in up to

samples mentioned above, as can be seen from Fig 4. 1.5-mm-thick samples When a 20 s exposure time was
Table 2 shows the mean (i SD) values for surface used. The LEDemetron 1, equipped with the 13/11-mm

hardness measured by dv e p and bottom surfaces of light guide and operated for 20 s, reached the sane

the resin composit mpes bewit the referee sam- 501 wth bof cure in 1.5 mm samples as the Ultra-Lume LED
7 mm from the bottom surface of the sample. As expec- 2, when a 80% relative surface hardness was take as
ted, the mean bottom surface hardness decreased wi th e limit. When equipped with the 13/8-mm light guide
increasing resin sample thickness, while the mean top taken f ,rom the Optilux 501, the LEDemetron 1 reached a
surface hardness increased with increasing sample thick- sufficient depth of cure up to a Sample thickness of
ness due to a shorter distance to the light-guide tip. 2 mm. sp ep

Table 3 shows the ratios of the mean bottom surface Amean relative surface hardness ratio of > 80% was
hardness of test samples to the overall reference sam- foud with the Elipar FreeLight 2 for the 3.5-mm sample
ple, defined as the best-cured resin composite surface thickness and with the LEDemetron i fortthe 3.mm Sam-
from this investigation (Elipar FreeLight, 40-s exposure ple thickness, even when the 0.5-mm thinner sample
time, 290.8 N/mm2). In some cases, a relative bot- showed a relative surface hardness ratio below 80%
tom:top surface hardness ratio of > 100% was found. The (Table 3). However, due to the fact that the maximum sam-
limit for sufficient cure the sa ple thickness was defined ple thickness with sufficient depth of cure was defined as
as the value after which the relative surface hardness the samplethicknessafterwhichtherelativesurfacehard-
ratio dropped below 80% the first time. A later, higher ness was below 80%, these data were not taken into con-
relative surface ratio was not included in maximum depth sideration for the definite determination of depth of cure.
of cure. As can be seen from Table 3, the mean maximum -Statistical analyses are shown in Table 4. Due to the
resin composite sample thickness which cured sufficient- Boferroni correction, only differences resulting in a
ly (relative surface ratio c 80%) was: 3 mm for Optilux respective pvalue of< 0.0005 could be defined assta-

* 501 with standard light guide,-40 s; 2.5 m for Trilight .tistically significan Th QTH curing devices, given 40 s
40 s; ard 1.5 mm for Astralis.10, 20 The firsterer of exposure time (El par, Triight and Optilux 501), are not
tion LED crng devices FreeLight ard the GCe-L.ight; both Sgiical diffesre sheo n Tle 4. 0 09)
applied forp40ts as sor Twenty seconds oiexposure time (olux 501 Asta-

appie fr 4sasWell as the ptilux 501 op eratedj fo Twnt secnd ofep :tm (ptilux7501, Astralis
20 s with the. standard and the Turbo light guide were not 10) showed staitisticatly significantly lower cunng poten-
able to cure a 1 tii sample sufficiently at7-inm. tal (0 < 0.0005) than a 40-s exposure time (Optilux 501).
The high-power blue LED curing device FreeLight 2 cured The Astralis 10 aled for 20.s resulted in a significantly
resin samples up to 25 mm thick with a relative surface 'supenorlcuring potential compared to the Optilux 501,
ratio of 80% in 40:s but 20 s of exposure did not produce both using a comparable 13/8-mmfocusing light guide
a sufficientdeph o cure eaeetight app liedf r rsteti b LED cu6ring deice sowed a si-
20 s showed comparable result to 20s of the Optilx nifica l ower curing potential (p <0.0005)than the

2
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Table 3 Mean ratio [%] of bottom:top surface hardness of the reference sample with the overall highest surface hardness of all reference
samples Investigated. Dark grey background indicates sample thicknesses with relative surface ratios ? 80%. Light grey background
indicates sample thicknesses with a relative surface ratio c 80%, but which were followed by a thickersample, resulting In a relative surface
ratio 80% again

Sample.thIckness [mm]

Curingdevice . : . 1.0 15 2.0 25. . 3.0 3 3.5 . 4.0 45 .5.0.:

TrlLight 57 58 65 43 26
Optilux 501, 40 s, 11mm standard 9 6.474 75 67 45 25

9 Optilux 50120 s, 11 mm standard 58 79 66 68 42 . 41 27 .13 8

Optllux 501.20 s, 13/8 mm focusing 59 65 50 51 44 :.. 36 29 .24 11

Astralis 10, 20 a, 'Pulse"-mode 78 68 56 44 33 20 9

0 e-Light, 40s 55 52. 6251 42. 32 19 .9 -

E FreeLight 40s 55 64 51 75 56 50 .37 25 13
z FreeLight 2, 20s 60 73 78 75 69 61 43 24 11.

FreeLight 2, 40s v 74 53 39
§1 53 .39 .

Ultra-Lume LED 2, 20s 63 38 28 15 7 -

n ~ Ultra-Lume LED 2, 40s 74 59 46 22 15

o LEDemetron 1, 20s 13/11 mm focusing 78 69 59 58 35 18 8

2 LEDemetron 1, 40s 13/11 mm focusing 78 74 78 72 39 22

LEDemetron 1, 20s 13/8 mm focusing 2. 69 47 27 11- ~C4 it~

QTH curing devices at 40 s of exposure time. With the the use of a penetrometer,13 the testing of material pro-
same exposure time of 40 s, statistically significant dif- perties such as flexural strength and modulus21 are suit-
ferences were no longer found between the QTH control able methods to compare resin composite samples ex-
group and the high-power blue LED curing devices Elipar posed according to different protocols. However, the de-
FreeLight 2, Ultra-Lume LED 2, and LEDemetron 1. No termination of surface hardness is still the most frequent-
statistically significant difference exists within the group ly employed method to compare different exposure tech-
of the high-power blue LED curing devices for either 40-s niques and procedures. 4 ,14 15 ,23 An 80% ratio in relative
or 20-s exposure times (p = 0.01 to 1.0). The use of the surface hardness as the defined limit for sufficient depth
13/8-mm focusing light guide in the LEDemetron 1 resul- of cure has been used by other authors25 and in other
ted in a greater depth of cure (2 mm vs 1.5 mm) com- studies, 7 as has a 7-mm distance from the light tip to
pared to the 13/11-mm standard light guide, but this did the sample base. Daronch et all discussed that the dis-
not prove to be statistically significant (p = 0.1) when the tance between the light tip and the composite may be re-
overall performance of the light-curing device was taken sponsible for lower surface hardness at greater depths.
into consideration. In contrast, no improvements in depth In some cases, a relative bottom:top surface hardness
of cure at 7 mm were found with the Optilux 501 when the ratio of > 100% was found. This can be explained by
13/8-mm light guide was used instead of the 11/11-mri reflection phenomena of the steel mold into which the
standard light guide. The group of the high-power blue resin composite samples were inserted. This effect has
LED curing devices showed a significantly higher (p < also been observed in several studies on depth of cure6s 7

0.0005) curing potential than the first-generation curing in which stainless steel rings were also used. It is possi-
devices Elipar FreeLight and GC e-Light. ble that comparable reflection phenomena may occur in

Class II approximal boxes, if they are bordered.by a.metal
matrix systerin. In the present study, this kind of reflection

DISCUSSION . was.talen into coisideration by wrapping a metal iriatrix
system around the light-guide tip, which carnescloser to

The determination of surface hardness was used to the real cliiicalsituation. This effect of metal-reflection
assess the depth of cure of different, curing devices in made it. more difficult to evaluate absolute d6pths of
this study. While the determination of the degree of .. cure;. nevertheless,-the experimental setup wasappropr
conversion11 ,22 appears to be the most sensitive and ate for evaluating comparative depths of ctre. The deter
reliable method to evaluate depth of cure,2.8asurface: mination of t he surface hardness was done 10 rmin after
hardness measurements seem to come relatively close curing directly-on the composite surface, which.was cov-
to the results obtained with FTIR spectroscopy.19 Besides eredby acelilophane stiip it must be l6ime in mind that
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this layer is enriched with monomer and the hardness val- Elipar FreeLight 2 and the Ultra-Lume LED 2 seem to pos-
ues might be lower compared to a finished and polished sess a curing potential comparable to the Optilux 501,
surface. However, because the relative bottom:top sur- while the curing potential of the LEDemetron 1 tended to.
face hardness was determined and both surfaces were be slightly higher, although this was not statistically sig-
covered with the cellophane strip, this factor should not nificant. Taking into account that the*Astralis 10 is also
influence the outcorne of this study. To remove the first equipped with a 13/8-mrn focusing light guide, which is
ca. 100 microns, the samples had to be removed.from similar'to that used with the Optilux 501 and LEDemetron
the sample holder. After finishing; It would not have been 1, the LEDerhetron 1 showed obvious, but not.signiflcant-
possible to replace them into the stainless steel molds in ly better results than the Astralis 10 given 20 s exposure.
a way that the system could have measured the hardness.. time.
afterwards. Yet finishing and polishing might, in fact, re- in contrast to first-generation blue-LED curing devic-
duce the standard deviation of the results. A measure- es;4,12-14,22 high-power blue LED curing devices combine
ment after 24 h would have taken the post-curing process - the advantages of LED technology - such as constant
into account, but in terms of clinical relevance, a resin . power output and longevity of the LEDsI-o- with the curing
composite should have a distinct hardness right after potential of high-power QTH.curing devices.14 This can be
placement, when the patient leaves the dental office. seen frorr the radiometer measurements in this study as
Therefore, although the post-curing process was not tak' well. Nevertheless, it is not admissible to compare radio- -

en into account here, the study design should allow prop- meter data between- LED and QTH curing devices; these
er comparison of light-curing devices. It is also of clinical data were reported only to obtain some rough inforrhation
relevance that curing a second layer of resin composite on power output within. LED and QTH groups. The quality
placed on another, already cured increment might posi- of polymerization, of course, does not automatically cor-
tively influence the overall polymerization of the incre- relate with the light intensity measured with a radiometer.
ment cured first. This should be the subject of further in- The absorption curve of the photoinitiator camphoro-
vestigations on depth of cure, especially for Class II cavity quinone ranges from 360 nm to 520 nm, with a maxi-
preparations. mum at 468 nm. For this reason, the optimal emission

As expected, the conventional QTH curing devices Eli- spectrum of a curing device should be in the range of
par TriLight and Optilux 501 proved their ability to suffi- 440 nm to 480 nm. In conventional QTH devices, 95% of
ciently cure a resin composite sample of at least 2.5 mm the emission spectrum is in the range of about 400 to
thickness with an exposure time of 40 s. In contrast, the 510 nm. The emission spectrum maximum of a blue LED
results of this study show clearly that first-generation is 465 nm, which is relatively close to that of the photo-
blue LED curing devices were not capable.of providing a initiator camphoroquinone; thus, the probability that a
sufficient depth of cure at a clinically relevant distance. photon emitted by a blue LED curing device will be ab-
Not even a 1-mm increment of Tetric Ceram resin compos- sorbed by camphoroquinone is obviously higher than in
ite (color A3) was cured with a resulting surface hardness the case of a halogen device. Hence, LED curing devices
ratio > 80%. These findings thus support the supposition have a lower measurable power output than conventional
of Meyer et al,1 2 which arose after their radiometer mea- QTH curing devices, but the emitted blue light is neverthe-
surements, which showed a tremendous drop in power less capable of starting a polymerization process.12 The
output with increasing distance to the radiometer. The Demetron radiometer used here is a good device to follow
results obtained by maintaining a distance between the up the power output of a single curing device but not to-
light-guide tip and resin composite differ from those of an compare different devices. As discussed in a previous pa-
earlier investigation on depth of cure with the same curing per,12 it was necessary to use a more complex measure-
devices, Elipar FreeLight and Elipar TrnLight:6 the light- ment system.
guide tip was placed on top of the resin composite sam- The results of this study show that the use of the
ples, yielding comparable depths of cure with the Elipar Optilux 501's "turbo" (focusing) light guide compared to
TrnLight and the Elipar FreeLight. A big step forward seems the standard light guide had no positive influence on
to be the second-generation blue LED curing devices, depths of cure.when a distance of 7 mm to the bottom
which consist of only one high-power LED. When operated surface of the resin composite was maintained, while the
in a 40 s exposure mode, the Elipar FreeLight 2 and the surface hardness of the reference sample, exposed under
Ultra-Lume LED 2 showed comparable results to that of direct contact to the light-guide tip, showed a significantly
the Optilux 501 regarding.depth of cure. In contrast, the higher surface hardness when the 13/8-mm focusing
Elipar FreeLight 2 was- not able to produce a sufficient -lightguide was used instead of the standard one (232.8. t
depth of cure in 20 s (as claimed by the manufacturer); 2.5.N/mm2 compared to 195.8± 36.0 N/mm 2) As
the same happened with the Optilux 501 as-well,.when known from the literature,124 8 .the use of a turbo.light
operated for only 20 s. The LEDemetron 1, equipped with guide results only in ahigher power output when the light'

the 13/11-mm light guide, and- the Ultra- Lume LED 2 . guide is placed viery close tothe radiometer.In both stud-
-were at least able to cure a 1.5-mm increment sufficient- ies,1' 8 due to the focusing effect of the turbo light guide,
ly, while the LEDemetron 1 equipped with the 13/8-mrn the light energy diffuses at a much greater rate than from --- -

light guide, was the only. curing device investigated. to. the standard Ight gulde-with increasing distance tothe
reach a 2-mm depth of cure within 20s. Therefore,,the .:surface. Jdst thebboiasite was observed with the LDe
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metron 1 using ttie minimal focusing standard light-guide. 5 Emst Cl? Ermer S, willershausen a; Harternessungen an ainem llchthtr-
( i.t3 m.ug h. taiden Befestigungskorrpower. Dtch Zahnlrzti Z i998;53:522-527. .

8 mm focusing light g Ernst CF? Schemilclh M, Wiliershausen B. Depth of cule of a new blue LED-
The mean ratios of surfacehardness between bottom> lgtcuringdevicelabstract3.sowJ. DentRes20o;80:714

and top were comparable in the EliparFreeLight and the 7 Ernst aR Haimeter . StanderE. Willershausan S. HarternessungOn.zur
Ermittiung der maximalen Kompositchichtstirke von lasse 11 F Dilnge

GO e-Ught. As the Elipar FreelIght consisted of 19 LEDs .bel Polymerlsaton von okusal. tach Zainrzti Z 200O-55:139-144.
and the e-Light of 64 LEDs, a higher power output at zero s Ferracane JL Correlation between hardness and degree of conversion.

distance was expected for the e-Light. The reverse results duringthesettnareactionofunfilleddental restorative resins. Dentuater

might be explained by a focusing effect as well: while the 98Hansen E,4 Asmuss n E. visibleiht curing units: correlation between
Freelight has a distinct focusing light-guide tip (not as depth of cure end distancebetween exit window and resin surface. Acta

strong as the turbo light guide of the. Optilux 501, which . odontol Sand s997:55:152-16.
focuses 1:1.6 vs 1:1.3 of the FreeLight)which seems to . Jandt KD, Mills RW, Blackweil GB, Ashworth SH. Depth of cure and

compressive strength of dental composites cured with blue light emitting

be able to compensate for the scattering of the emitting . diodes (LEDs). Dent Mater 2000;16:41-47.

light, the e-Light is.equipped with a parallel light guide i.. Knezevic A, Tarle Z, Meniga A, Sutalo J, PichlerG. Ristic M. Degree of
conversion and temperature rise during polymerization of composite resin

without any kind of focusing. Therefore, distinct focusing samples with blue diodes. I Oral Rehabil 2001;28:58-591.

I light guides seem to be able to compensate the scatter- 12. Meyer OR, Ernst CP winershousan B. Decrease In power output of new

ing of the light emitted by a blue LED curing device. The 1 do LE uri with increasing distance to fiting
surface. J Mdhes Dent 2002:4:1.97-204.

LEDemetron 1 is equipped with a 13/11-mm focusing 13. Mills RW, Jandt KD, Ashworth SH. Dental composite depth of cure with

light guide, with a resulting compression ratio of 1:1.2. halogen and blue light emitting diode technology Br Dent J 1999:186:

This comes close to the focusing ratio of the FreeLight 4 388-391.
14. Mills RW. Uhl A. Blackwell GB, Jandt KD. High Power ligd emitting diode

(1:1.3). The 13/8-mm focusing light guide from the Optl-. (LED) arays versus halogen light polymerization of oral biomaterials:

lux 501 improved the.depth of cure of the LEDemetron 1, Barcol hardness. compressive strength and radiometric properties. Bin-
materials 2002:23:2955-2963.

in contrast to its use in the Optilux 501, where itcaused 15. Nomura YTeahma w, Tanaka N, Yoshida , Naham Y okazaw M. Thermal
almost a reverse effect, as described by Price et al. analysIs of dental resins cured with blue light-emitting diodes (LEDs).I

Hence, focusing light guides must be rated differently In Blofld Mater Res 2002;63:20921.3.
blue LED curing devicesthan in conventional QTH curing 1.Pires IA. Cvitko E, Denehy GE, Swift El Jr. Effects of curing tip distance

devices on light intensity and composite resin microhardness. Quintessence Int

devices. s99324:s17-s21.
17. Prat C. chersoni S, Monteburnoli L. Montanan G. Effect of air, dntin and

resin-based composite thickness on light Intensity reduction. Am J Dent
199912:231-234.

CONCLUSION 18. Price RB, Derand T Sedarous N, Andrecu P Loney R. Effect of distance
on the power denshy from two light guides. I EsthetDent2000;6:320-327.

S19. Rueggsberg FA, Craig RG. correlation of parimeters used to eatlmate
The new high-power blue LED curing devices showed monomer conversion In a iight-cured composite. I Dent Res 1988:67:
promising depths of cure at clinically relevant distances 932-937.
between light-guide tip and the resin composite. Their 20. Rueggeberg FA, Jordan DM. Effect of light-tip distance on polymerization

of resin composite. Int I Prosthodont 1993;:354370.
curing potential is comparable to or even better than that 21. stahl F, Ashworth SH, Jant K, Mills Rw. Light-emitting diode (LED)

obtained with high-power QTH curing devices. Except for polymedsation of dental composites: flexural properties and polymerise-
the LEemetron 1, which was the only device (if equipped 22.tion potential. Blomaterials 2000;21:13791385.

22. Tarle Z, Meniga A, Knezovic A, Sutalo J, nistic M, Pichler G. Composite
with the 13/8-mm light guide) that cured a 2-mm resin conversion and temperature rise using a conventional, plasma arm, and

I composite increment of Tetric Ceram A3 sufficiently with- an experimental blue LED curing unit. I Oral Rehabil 2002:29:682-867.
n20etited (Q a well as 23. Warren K. An.investigation into the microhardness of a light cured

in 2invesia as a composite when cured through varying thicknesses of porcelain. J Oral

blue LED) should be operated at an exposure time of 40 s Rehabil 1990:17:327-334.
when this type of medium-shade conventional hybrid resin 24. Yearn JA. Factors affecting cure of visible light activated composites. Int

composite is used. To Increase the depths of cure, the 25. Yuttc xux. Bursess Jo. oepth of au-a of core-bund material with three

use of distinct focusing light guides seems only to be of different curing lights (abstract 1736]. J Dent Res 2001:80:252.

advantage in blue LED but not in QTH curing devices.
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Thermal. Emission by
Different Light-Curing Units

AUJ Yap * MS Soh

Clinical Relevance

LED (Light-Emitting Diodes) light curing units produce significantly less heat than
halogen lights. High-intensity halogen lights are potentially hazardous to pulp.

SUMMARY tare rise ranged from 2.4*C to 7.5*C and 12.7C to
This study quantified and compared the thermal 25.5'C for LED and halogen lights, respectively.
emission of different .light curing units (LCU). Thermal emission of LED lights was significantly
Three LED (Elipar Freelight [3M]; GC e-light lower than halogen lights. Significant differ-[GC1; Coolblu [Dentalsystem.com]) and three ences in temperature rise were observed
halogen (Max [Dentsply-Caulk]; Elipar Trilight between different curing modes for the same
[3M]; Astralis 10 [Ivoclar-Vivadent]) lights were light and between different LED/halogen lights.
selected for the study. Thermal emission of the
LCUs, when used in various curing modes, was INTRODUCION
assessed using a K-type thermocouple and a dig-. The potential damaging effects of temperature increaseital thermometer at distances of 3 mm and 6 mm on pulp tissue during restorative treatment has been acompared to the conventional halogen LCU matter of concern to dentistry for many years. Light(Max). The temperature profiles and mean maxi- curing units (LCUs) can cause a temperature increasemum temperature change (n=7) generated by that could damage the pulp (Hussey, Biagioni & Lamey,each LCU were obtained. Data was subjected to 1995; Hannig & Bott, 1999). Thermal transfer to pulpANOVA/Scheffe's post-hoc test and Independent is affected by material shade, thickness, composition,Samples t-test at significance level 0.05. At 3 mm, porosity, curing time and residual dentin thicknesstemperature rise observed with LED lights (McCabe, 1985; Goodis & others, 1989; Shortall &ranged from 4.1C to 12.9 0C, while halogen lights Harrington, 1998). It also varies with the type of cuingranged from 17.40C to 46.40C. At 6 mm, tempera. unit, qualityof light filter, output intensity and irradi-. ation -time (Goodis & others, 1997; Shortalli &
*Adrian UJ Yap, BDS; MSc, PhD, FAMS, FADM, FRSH noci- Harringtoi, 19 Hannig ature1998.Hanig& Boa, 1999). Tenmperatrate professor,.Depart~je& 6fRestorative Dentst, Faculty of rise during the cui-ing of restorative materials is, howDentistry Natona Unvrt of Sigpoe... .y trUirtever,. maiely C contributed by the. light source (LloydMS Soh, BSc - (Hoi), Reseirch Scholar, Department of Joshi & McGlynn,t1986).Restorative Dentistry Natioph University of Singapore< LE i

*Rerinhitfiet owil et~ige oa; Siigpor 9LED. (Light-Emitting Dodes) LCUs werednl*Repr=-t request l5 Lower Kent Ridge ad Singapore i119n074 introduced, to. the dental profession They are solidRepubolic of igpremi rsyapunus edusg'........
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Yap &- ShThenal Emision by DUlill Lignt-Cung units 261

Ule 1: Details of the Light Curing Units (LCU) and the Various Curing Modes Evaluated
_jU .Curing Modes Curing Profiles.

Elipar Freelight (LED) Standard (FLI) .' 400 mW/cn?
SM-ESPE (20 seconds)
St Paul,-MN, USA Standard (FL2) 400 mW/cm'

(40 seconds)
Exponential (FL3) 0-400 mW/cm' . 400 mW/cm'

(12 seconds) (28 seconds)
GC e-Light (LED) Pulse Curing (EL1) 750 mW/cm'
GC Europe, Leuven, (10 pulses x 2 seconds)
Belgium Standard (EL2) 350 mW/cm'

(40 seconds)
Turbo (EL3) 600 mW/nm

(20 seconds)
Soft-Start Curing A (EL4) 0-600 mW/cm' . 0-600 mW/cm'

(20 seconds) (20 seconds)
Soft-Start Curing B (EL5) 0-300 mW/cm . 0-300 mW/cm-

(20 seconds) (20 seconds)
CoolBlu (L ED) Mode 3 (CR1) 350 mW/cm9
Dental Systems.Com, (20 seconds)
Tokyo, Japan Mode 6 (CB2) 140 mW/cm' 350 mW/cm'

(6 seconds) (15 seconds)

Max (Halogen) Standard (MX) 400 mW/cm'
Dentsply-Caulk, (20 seconds)
Milford, DE, USA

ElIpar Trilight (Halogen) Standard (TL1) 800 mW/cm'
3M-ESPE, (40 seconds)
St Paul, MN; USA Exponential (TL2) 100-800 mW/cmI

(40 seconds)

Astralis 10 (Halogen) High Power (ASi) 1200 mW/cm'
Ivoclar-Vivadent, (10 seconds)
Liechtenstein, Austria Adhesive Program (AS2) 650 mW/cm'

(20 seconds)
Pulse Program (AS3) 150 to 650mW/cm . Pulsating between 650

(10 seconds) and 1200 mW/cm'
-ECS-Program (AS4). -1200mW/cm'

(30 seconds)

Curing pms. are baed on mnucaW'intmmarn

state semiconductor devices that convert. electrical compressive and flexural strengths (Mills & others,energy directly to heat Thermal light sources (halogen 1999; Stahl & others, 2000; Jandt & others, 2000;
and plasma lights) emit light by electrical heating. The Kurachi & others, 2001), the thermal emission of LED
generation of light produced by LEDs results in high lights has not been investigated.
efficacy as most of the energy radiated falls within the This Study
absorption spectrum of camphorquinone photoinitiators LED std h a ntight theralession o -
(Mills, Jandt & Ashworth, 1999). Cited advantages of LED and halogen lights. Temperatures changes associ-
LED lights include: (a) cost-efficiency with a longer- ad va u cring modes of each LCU were also
lasting light source compared to halogen or other . a..
devices, (b) clinician friendliness with cordless features - "METHODS AND MATERIALS
and 'a more, slim-line' constructio,: (c) equivalenft or *-' . -improvedphysical properties of polymerized r corn- : light curing umits selecd for this stidy included
posits, (d) liattery operation with no blWb aging(e)h6i$ LED lights(Elilar el gt[3M4ESPE, St Paul,'

decrea-iiotput is bulb 4es, (f le ishbetprodui5 on,: USA]; ( .e-ligh [ ] Coolblu [Dental
diiring rouine aditended ise f te lineriiaton Systems corn]) 'and three hilogei lights (Mai

Thn rIalmssion of the L Js wea measu red
curng Yotia.A *.,- Db~ rEipi aht

-j ~ ~ ~ ~ ~ 4flJ4 ' f&-4L;8sr Mu Dn yMlodXPA~~fl&,CnrAC'pvc V.pni S1Ul' A-'
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Uperative Dentistry

The light guide exit.windows
of the LOUs were placed over

L.igh guide the 7-mm hole of the upper
acrylic plates and activated:
Temperature rise. .:during.to i mm irradiation cai, therefore be
measured -at: distances of 3

arl 7pcr mm and 6 mm away from.the
: &$ K thermocouple.

4..- A pilot study was first con-
ducted to determine the
effects of environmental tem-
perature on temperature rise
during light irradiation

.Ac ic/ using the Max polymeriza-TheoDocouple tion unit. The experimentbasep lte attached to digital was conducted in a con-
trolled and enclosed environ-

. ment (Concept . 300
Workstation; .Ruskin

Figure 1: Diagrammatic representation of the expenmental set-up. Technology. Limited,
Yorkshire, UK) at preset
temperatures of 2500. andTable 2: Mean Maximum Temperature Rise Observed with the Various LCUs/Curing Modes 370C. Temperature rise asso-Light-Curing Units Light-Curing Modes At 3 mm [*C] At 6 mm ('C] ciated with the Max poly-

FL1 11.0 (0.22) 7.5 (0.21) merization unit at both pre-Elipar Freelight FL2 12.9 (0.17) * 6.6(0.18) set environmental tempera-
FL3 10.9(0.31) .7.2(02) tures was measured at dis-
EL1 8.1 (0.16) 4.2 (0.2) tances of 3 mm and 6 mm.

.EL2 5.5 (0.10) 3.4 (0.23) Five readings were taken at
GC e-Light EL3 .5 (0.20) 4. five-minute intervals for

EL4 .(0.1). 4.1 (0.24) each preset temperature and
EL5 8.4 (0.16). 4.5 (0.13) distance. Results were ana-EL 4.1 0.29. 2.4 (0.11 lyzed with paired sample t-Cooslu C01 5.8 (0.21) 3.9 (0.11) test at significance levelCB2 5.5 (0.23 3.9 0.17 0.05. At 3 mm, temperatureMax MX 17.4 (0.70) 12.7 (0.28) rise was 15.2 ± 0.1 and 15.3 ±ipar Trilight TL1 26.7 (0.39) 19.8 (0.32) 0.2CC for environmental tem-

- ------ -- 22.6 (0.13) 18.8(0.3) peratures of 370 0 and 250C,
As 36.0 (0.1) 20.2 (0.20) respectively. At 6 mm tem-

Astra3is1. (0.88) 20.2 (0.2) perature rise was 10.8 ± 0.2AS 14.6(0.23) and 10.8 t 0.30C for environ-A 34.6(0.31) mental temperatures of 370CAS4 afws n a46.4(0.55) 25.5 (0.22) and 2500, respectively As noStanda0 deviationsin parenthes. 78 e mtVem-A
See Table I1wdams and intensed of igbt-wing .nic.. significant difference in tem-

- perature rise was observedby aK-type thermocouple and a digital thermometer.between the tw nviron-
:(3,05,_ Peacock Precision i~sitrunie 

-,,igpo:
c oenits, Singapore). eTh ~ mental temperatures at both . distances, thi Main'thermocouple wasiecu~ed onto.a groovein e eriment was 60dilcted under ambient room-tembise-plate so thatthe sirfacI of te thermocouibie' perature. .--. .-----

pp. a Te ambient room tefiperatue was recordedadthicre 1) Tm mxum temperature rise during ligh atia asto c kness oi th t e 7 m m d a e le-e v o ed r the Iffereit LCU s. and curig modes
cn the er e t gde ete ven readigs were obtained for ch light-cunngsntdistance' Th'xemii stu allo6wed the th& mo mode combiniation. IV mii e the fet fhaiguple to be positioned at the center of the-7-mm hl iemnt itsws n-~etdbtenec
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Yap & Soh: Thermal Emission by Different Light-Curing Units 263

le 3: C arisot tM aximum Temperatur Rise of the Vafious Cung curing cycle. The temperature rise
- profiles of the rarious lights and theirWino it ught Curing Unit Differences - different curing modes were also

a m-determined by obtaining 10 tempera-3 mm Elipar Freelight FL2>FL1, FL3 ture readings at equal time intervalsGC s-light .. ELi EL4>EL3>E.2>EL5 over the light curing period. -Data wasCooiBlu . - subjected . to one-way. ANOVA/
ElIpar Trllight T 2Scheffe's post-hoc test and
Astralls 10 AS4>AS1>AS3>AS2 Independent Samples t-test at signifi-

6mm Elipar Freelight FLl, FL3>FL2 cance level 0.05. The mean mainmum
GC e-light Etemperature rise of the different
SC0 alNsE LCUs/curing modes was compared to

EliparTrilight T1..1>T.2 _. the conventional halogen LOU (Max).
Eiarrlig- -. In addition, differences. between theAstralis 10 AS4>AS1>AS3AS2 curing modes for the same light and

RGSAS f n,~ ANVA/~zff.s ps~c 1 orx~cdnSafwf es £otO~ ~cst sftadifferent LED/halogen lights were also
compared. Temperature changes at 314 

-- nmm and 6 mm were also contrasted.

RESULTS

. Table 2 shows the mean maxmum temperature
rise observed with the various LCUs/curing

.... modes. The temperature rise profiles of the various
..8.. .) LCUs/curing modes are reflected in Figures 2

through 7.
-.. t- *:::r-*---- . The temperature rise observed at 3 mm was

significantly higher than at 6 mm. At 3 mmu the
temperature rise observed with LED lights
ranged from 4. 10C to 12.90C, while the halogen
lights showed a range of 17.40C to 46.400. At 6 mm,

temperature rise ranged from 2.40C to 7.50C and
12.7.0 to 25.50C for LED and halogen lights,
respectively Thermal emission of LED lights was

Ssignificantly lower than halogen lights at both
distances. Table 3 reflects the significant differ-Figure 2. Temperature rise pmfie of Elipar Freelght, ences in temperature rise among different cu
modes of the same curing light. For Freelight
and e-light, minor variations in significant dif.
ferences between curing modes were. observed
between 3 mm and 6 mm. No significant differ-
ence in temperature rise was observed between
the two curing modes for Coolblu. At both dis-
tances, the thermal emission of Freelight, with
its various curing modes, was significantly
higher than the other LED lights. Among the
halogen: lights, curing with, the' ECS mode
(designed for curing of resin cements through
ceramne restorations) for 30 seconds resulted in
:te most heat generation. M ium or peak tern
perattireswere consisteitly observed toward
the end of the curing cycles and duration lastedno r than15 seconds (Figure 2through 7)

DISCUSSION

.igt gde exit window distanes of 3 ma and
nFigure p t st4 mm were used to miic distances encoun-

0 I. jX,-'-

* -~ '.r 4 -. '' 9..
_q'c- 
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Ope~rstiveDntiry-

tered whei curing deep Class I and Clas II cay
ities. The experimental set-up also allowed for

- the.siinldation ofa cohfined cavity.as in the case
. of aClass II eavity with iatrix and rubber dam

.placeinent. In Addition, the 3 mm distance
approkimates the proximity of the light 'guide

Ow to tetop layer of testorative.mate.
f7 -rials during clinhical restorative -pr6cediires

Since the acrylic spacers used have. a low
rmal nductivit, the maximum tempera

ture rise observed represents the worst case
scenario. Restorative materials and teeth were
excluded from the experiment design to mini-
mize the number of variables involved. By doing
so, the data obtained can also be applied to light-
(heat) enhanced bleaching procedures and

F . - tO thermal expansion of conposites during curing.
Figure 4: Temperature rise profie Of cootat In this study, temperature rise decreased

significantly with increased light guide exit
window distance; Results concurr with those

. . of Shortall and Harrington (1998), who investi-
gated temperature rise due to radiation energy-
at various cavity depths. Although the light
output of LCUs (350 and 710, mW/cm 2) used-4 by the latter group were similar to that of Max
and Trilight (400 and 800 mW/cm respectively)
in .this study, maximum temperature
rise observed at 6 mm distance was consider-
ably lower (2.00C and 3.7C, compared to 12.76O
arid 19.800). This may be partially Attributed
to using black nylon spacers that may absorb
part of the heat emitted, instead of clear acrylic
ones.

The thermal emission of LED lights was
significantly lower than halogen lights at both

1l - distances. Rather thana hot filament (as used
I in halogen bulbs), LEDs use junctions of doped

Figures: Temperature rise profile of Max. semiconductors (p-n junctions) for the genera-
tion of light (Nakamura, Mukai & Senoh, 1994).
Under proper forward biased conditions,
electrons and holes recombine at the LED's

.- p-n junctions, leading to the emission of blue
light in the case of gallium nitride LEDs. As
the. spectral. output of gallium nitride blue
LEDs falls within the absorption spectrum ofthe camphoroquiione photoinitiators n
light te are required. The latter- (light
filters;h 6fi' serve as partial thermal
biffers inicurng ights (Shortall& Haii& ofr

S 1998) From Tabl&: 2- it .is .apdreht that
9u ui li hetn ie n K.t LEDLOUs 'stilli emitheat'an ethtermal4q,:

r;enlion fom differeit; LED lights h s
rr-- 25~s5gfican areih temperature rise observed

viFwas significantly higher ta* Tholiglit an Coolbix despite the sam or iassof LEf serempe peE
Fiurs epeatr ne rfie fElpa hhht - ' -i ipre ,.,. he ,

ll hl d
't o_7and -C6bu sigth'.ai ra

..................
-L XJAI'htmbi fl&LE~i Crd;(rAlihpvcd 
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ap.&Soh!Th Enisi by DireLigm-ung Units 265

"oolblu 19 LEDs; e-light 64 LEDs). The mai-
um temperature observed with, Freelight -is. -

expected to be even higher if not for the alu- .
minum casing cum handle used: This seives to ...
conduct heat and cool the unit. Reasons for the .
higher thermal emission of Freelight are not
known. Possible hypotheses incide LED size ir-
and inter-LED spacing.

Among the halogen lights, curing modes utiliz-
ing high light outputs generally resulted in sig-
nificantly greater thermal emission. The lowest
temperature rise was observed with the Max
polymerization unit that had the lowest light
output among the three halogen lights evaluated.
The clinical experience with conventional halogei
LCUs (<500 mW/cm) indicates that pulp appears
able to recover from transient heating from light- m s
curing. Zach and Cohen (1965) reported that 15%
of teeth in rhesus monkeys developed necrosis, Figure 7: Temperature nse proile of Astais 10.
when healthy pulps were exposed to a tempera-
ture increase of only 5.50C. These findings and those of lining material to the cavity floor (Hansen &Pohto and Scheinin (1958) suggest that the critical Asmussen, 1993).
temperature for irreversible damage to the pulp begins
at between 4200 and 42.50C. Hannig and Bott (1999) CONCLUSIONS
measured the pulp chamber temperature increase
induced during resin composite polymerization with Under the conditions of this in-vitro study-
various LCUs using a tooth model (Class II cavity with 1. LED lights emit significantly less heat than1 mm dentin layer between the pulp chamber and halogen lights.
rCoxmal cavity wall), K-type thermocouple positioned 2. The heat emitted by individual curing lightsat the pulp-dentin junction and 2 nun cornposite lay- depends on the curing mode used.
ers. They found that LCUs with outputs greater than deeat on te by de ED
670 mW/cm' generated temperature increases of more 3. The heat emitted by different LED/halogen
than 5.5CC when used for 40 seconds. Taking this into lights varies significantly
consideration, the maximum temperature rise detect-
ed in Trilight (800 mW/cm for 40 seconds) should be (Received 17 May 2002)viewed as critical, especially where residual dentin
thickness is limited. In spite of the very high value
observed with Astralis High Power mode (AS1- References
designed for curing composite restorations), the very Duke ES (2001) Light-emitting diodes in composite resin pho-
short-term temperature peak may not be relevant to topolymerization Compendium 22(9) 722-725.
pulpal damage (Figure 7). The Astralis ECS mode Goodis HE, White JM, Marshall GW, Yee IL Fuller N, Gee L &should, however, never be used for curing composites . Marshall 9J (1997) Effects of Nd: and Ho yttrium-aluminum-
and bonding agents. garnet lasers on human dentin fluid flow and dental pulp-

For an individual tooth, it is nearly impossible for a chamber.in Witro Ahives of Oral Biloay 42(12) 845-8954.
clinician~~~~~~ todi prdcHhEeprtuers htmy, White JM, Andrews J & Watanabe LG (1989)clinician to predict the temperature rise that may Measurement of temperature generated by visible-light-cureoccur when curing a restoration. In general, the thicker lamps in an in-vitro model Dental Materials 5(4) 230-234.the dentin and the shorter the curing time, the smaller -H nni 

* .the tempeiatire increase (L6ney.' & Price, 2001) ap..e
Clinicians should beaaeo h oeiithe hema rsduig composite resin polymnerization wit variousi light.
hazad- associated with using high intensity lkhts .canKg -ouce De9ntal Materials o5(4) 275-281i

when~ ~ ~ ~ ~ ~ ~ ~~ E c&opstsi epcaiis iinmE Asinssen E (1993) Carielation betwee-ndepth ofwhad cuiii composites in de eshe- cure and temperatd rise ofa light-activated resinirr.di.tioc n timesS ashuld also be usedResa h01(8) 176-179
-bondig agents thtlie lihtainyiewf theabsece

of a. ctottterdal buffer., A: sie and- effective: L~~vJfhai fentiary,(599)2621 -. -rah

iyto,proit t'ih .'plp isto apply i'eme t. mgr ttetdu resin:opot
a cementnb tion......................n ase oStyem oiuu una'f 35

7;,' -...
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Jadt hED, Mills RW, Backwel GB Ashworthv SIT (2000) Mills RW, Jandt KD & Ashworth SH (1999) Dental composie
Duep th of ue and co pehv sr n t ofd ta c posits -depth of cure with halogen and blue light em itting diode tech-with lu light emitting diodes (LEDs) Dental Materials nog a tih enan8e)t.1 g

1urch C1-. T, eV Nakamura S, Mukai T & Senoh M (1994) Candela-class high:Kurachi C, Tuboy AM, Magalhaes.DV & Bagnato VS (2001)' brightness' InGaN/AIGsM double-heterostrnct4,e blu ig-Hardness evaluation of a dental composite polymeiized with brigtng'dess IaAIaM doublethterstce3 bh7e6ight .
eperimental LED-based devices Dental Materials 17(4) 309- &ting in A (1958) cros 64(18)a1687n1689n
315. . Pohto M & Scheinin A (958) Microscopic obseivations on living

L1Y4Cdental pulp Acta Odontoloic Scdandinavija 16 S0O327Lloyd CIH, Joshi A & McGlynn E (1986) Temerature rises pro- enhta ACl & Odinntologi(199Scandinai 30g
duced by light sources and composites during curing Dental Shortall AC & HaigtoiE-ivE(1998) Temperature rise drn
Materials 2(4) 170-174.: activated resin composites Journal of.Oral Rehabilitation 25(12) 908-913:Loney RW & Price RB (001) Teiperature transmission of Stahl F, Rehwti nMlls RW (2000) Light-emit-
high-output light-curing units through: dentin Operative. Ashworth SH, Jandt
Dentistry 26(5) 516-520. ting diode (LED) polynerisation of dental composites:

Flexural - properties and polymerization potentialMcCabe F (1985) Cure performance of light-activated compos- Biomaterials 21(13) 1379-1385.ites by differential thermal analysis (DTA) Dental Materials Zach L & Cohen G (1965) Pulp response to externally appliid1(6) 231-234. 
heat Oral Surgery, Oral Medicine; Oral Pathology 19515-530.
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Effects of Light Curing Modes and Resin Composites on. Temperature Rise
under Human Dentin: An in vitro Study

Ihsan HUBBEZOGLU', Arife DOGAN2 ,.Orhan Murat DOGAN, Giray BOLAYIR3 and Bulent BEK3

'Department of Endodortics, Faculty of Dentistry Cumhuriyet University Sivas, Turkey
'Oepartment of Prosthodontics, Faculty of Dentistry GaZi University Ankara, Turkey
,Department of Prosthodontics, Faculty of Dentistry. Cumhuriyet University, S-as, Turkey
Corresponding author ArifeDOGAN: E-mail adogan@gaziedu.tr

The influence of three curing modes of a high-powered LED curing.unit on temperature rise under 2-mm-thick dentin was
investigated during the polymerization of resin composite samples of Admiii, Filtek P60, Premise, Tetric Flow, Tetric
Ceram, andFiltek Z250. Ninety standard specimens were prepared. The bonding agerits and resin composites were cured
with standard, pulse, or soft-start mode (n=5 for each curing, mode) Temperature rise was measured using a type L
thermocouple. Data were analyzed by two-way ANOVA and.Tukey's test Soft-start curing led to .statistically higher
temperature rises compared than the other two modes. -The highest temperature rise was observed. for Admira and Tetric
Flow cured with soft-start mode. The lowest temperature rise was observed for. Preniise cured , with pulse mode. However,
temperature rise did not reach the critical value that can.cause pulpal damage by virtue of a prominent safety feature of
the high-powered LED LCU,.which ensures that no excessive heat is produced by all the three curing m6des.

Key wcords: Temperature rise, Composites, Polymerization
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INTRODUCTION of absorption by the photoinitiators. As a result,
more CQ molecules are raised to an excited state.

An important milestone in the history of moderi The excited CQ molecules then collide with amine
restorative dentistry - is the development of light- molecules to form free radicals. The latter, in turn,
cured resin composites for direct procedures". The react with the carbon-carbon double bond of a
majority of them are based on conventional monomer* monomer. molecule and initiate the polymerization
systems such as 2,2-bis [4-(2-hydroxy-3-methacryloy- process""'. These LED LCUs generally have higher
loxy-propoxy)-phenyl] propane (Bis-GMA), urethane- power densities, thereby producing potentially higher
ethoxydiniethacrylate (UEDMA), and triethylene thermal emissions and depths of cure").
glycol dimethacrylate (TEGDMA), with camphorqui- Regardless of the amount of infrared energy
none (CQ) typically as the photosensitizer -for free transmitted from the curing source, polymerization
radical polymerization2

). These resin composites of resin composites always results in a temperature
include inorganic fillers in varying degrees, of increase - in the material caused by both the
varying sizes and types. 'Recently, a new type of exothermic polymerization and the light energy
organic-inorganic hybrid dental material, known as absorbed during irradiation"' ' " 7 . When using high-

Ormocers, was introduced as an- alternative to powered LCUs, the issue of temperature increase is
conventional dental composites. It, has been.stated of particular interest. This isbecause the increased
that the combination of organic-inorganic miatrix and energy of these LCUs may also increase the potential
filler particles in high concentrations (up to 6796) in . of generating injurious temperatures in the
ormocers provided an improvement -i some pulp -especialli when they are used ii deep cavities

mechaiiical- and physical,. piopertie:. -thereby with minimal- remaining ,dentin : thickness.',")..

iendering ithem-superior to- thos - conventional Moreover the concept of total.'adhesive bonding
compostes - - a t ,precludes the use of a protective cement base or

An interase in deand'fdf theti dental cavity linig wh asmea higher potential-for
restoratio' hs ao led to a tdem inctease in the' the-rial ijur to thepulp 8 &
use of iht soiurcesito ptocure ream a ositei Ozt ha een stated that the released energy and -

Whereas the output of first-generation LED LCUs ais -- maximum polymerizaton temperatur depend on the
'- .1 . -n er~i racturrs ~polymretization. chracit eimicso t

-.. attentont hig powered LE;Ccio th o~ opst ~dto~y' fInuu
Y -..erization o taresins 1 :Wittashigh powered light-" cure .aticonstant rradxancei sused foi the p1mer

-...- t ource, more photons are avail ale per given period zationo resin composites: Howevet, eiler et al
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582 Dent Mater J 2008; 27(4): 581-589

pointed out that the use of high-intensity curing light TEGDMA.. Their inorganic fillers are composed of
negatively affected the restoration-cavity interface. barium glass, ytterbium trifluoride, Ba-Al-fluorosili-
To solve this problem, several curing protocols have cate glass, highly dispersed silicone dioxide, and
been suggested. The so-called "soft-start polymeriza- spheroid mixed oxide hi 39.7%. and 60% by volume
tion" characterized by using; an initial low-power for Tetric Flow .and Tetric Ceram respectively.
intensity of the curing light followed by.higher-power Premise is a nanofilled hybrid composite, which has
intensity has been suggested to .minimize internal an organic resin matrix composed of ethoxylated Bis-
stresses in composites and improving their marginal. EMA and TEGDMA. Piemise incorporates a
adaptation"". On the other hand, Kanca and Suh* trimodal filler system consisting of prepolymerized,
proposed "pulse-curing or pulse-delay curing . In barium glass, and silica nano fillers. The inorganic
this curing mode, the most occlusal increment of the filler loading is 69% by volume.
resin composite is activated with a short pulse of The bonding systeis recommended by each
light at rather low irradiance. They have shown that composite manufacturer were used. Three of them
the use of this curing mode provided a reduction in were total-etching single bottle systems (Admira
enamel fractures and a general improvement of Bond, Adsher Single Bond 2, and Optibond. Solo Plus),
marginal adaptation, especially for Class I composite and the other was a self-etching adhesive system
restorations when compared to those cured at (AdheSE). Table 1 shows the detailed information of
constant irradiance. the resin composites and their manifactiurers, as

However, few studies have been performed for well as information on the conditioning system aiid
the purpose of measuring temperature changes under bond matrix composition.of each adhesive system.
the dentin in situations where the resin composites
were cured with different curing protocols. When a . Light curing units
high-powered LCU is used, it is important to The composites were cured with a high-powered LED
determine the correct curing mode so as not to lead LCU (Mini LED, Satelec, Merignac, France). Output
to a temperature rise which is potentially hazardous of the LED unit stated by the LED manufacturer
for the tooth. In light of this concern, the objective of was accepted as accurate (1100 mW/cm2), and five
this in vitro study was to evaluate the influence of specimens of each composite were polymerized using
different curing modes of a high-powered LED LCU one of the three curing protocols: standard (10-second
on temperature rise under the dentin during the exposure at full power), pulse mode (10 consecutive
polymerization of six different composites. - one-second exposures at full power), and soft-start

mode (progressive cycle lasting 20 seconds). The
MATERIALS AND METHODS energy produced by each polymerization mode was

dependent on both the polymerization time and light
Composites intensity. (total energy=light intensity X exposure
In this in vitro study, six different dental resin time)".' 21 1 . In this study, total energy was 22 J/
composites of shade A2 were tested for temperature cm2 for soft-start polymerization, while it was 11 J/
rise. These composites were Admira (Voco GmbH. cm- for the other two modes. .The LED unit's battery
Cuxhaven, Germany), Filtek P60 (3M ESPE, St. was recharged according to manufacturer's
Paul, MN, USA), Tetric Flow: (Ivoclar Vivadent, recommendation and . placed. in its charger
Schaan, Liechtenstein), Tetric Ceram (Ivoclar following the polymerization of each specimen. Table
Vivadent, Schaan, Liechtenstein), Filtek Z250 (3M 2 shows the details pertaining to the LED unit and
ESPE, St. Paul, MN, USA), and Premise (Kerr Corp., its polymerization modes and profiles.
Orange, CA, USA). The Admira composite is an
ormocer consisting of additive aliphatic and aromatic Preparation of dentin disks
dimethacrylates and Ba-Al-B-silicate. glass and SiO, Ninety noncarious, extracted human premolars were
inorganic filler particles loaded in 56% by volume. stored in physiological saline solution in an
Filtek P60 is a packable resin composite and Filtek incubator. The occlusal enamel portions of. the
Z250 is a microhybrid resin composite, whereby both premolars were removed. using a low-speed saw
are based on Bis-GMA, urethane dimethacrylate (Isomet, Buehler Ltd.;tLake Bluff, IL, USA) to expose
(UDMA), and bisphenol A polyethylene glycol diether the dentin by sectioning the tooth perpendicular to
dimethacrylate (Bis-EMA) resin matrix. The filler is its long axis., Dentin disks _2mm thick, were then
zirconia-silica and inorganic filler loading is 6t% and sectioned perpendicular to the long axis of the tooth,
60% by volume for Filtek P60 and Filtek Z250 an &90 deitin disks were obtained as a result These
respectively. Tetric Flow is a flowable resin dentin disks were placed at the bottom of a Teflon-
composite and Tetric Ceram is a microfilled hybrid mold .ylinder of a temperature test apparatus as
resin composite, whereby both have similar resin explained below
matrices composed of Bis-GMA, UDMA, and

- 4t 35
XJ~ili~Cr~le~Snein1 10(1m :_C-7
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Table I Restorative niaterials used in this study

Material Admire Filtek P60 Tetric Flow Tetric Ceram Filtek Z250 Premise

Manufacturer Voco GmbH 3M ESPE, St Ivoclar Vivadent Ivoclar Vivadent 3M ESPE, St. Kerr
Cuxhaven,. Paul, MN, USA Schaan / Schaa / . Paul MN, USA. Corporation
Germany :.. . . Liechtenstein Liechtenstein Orange,.CA,.

USA

Type Ormocer based Compoisite-based Composite based Hybrid Microhybrid Nano-filled
packable packable flowable hybrid

Resin matrix Ormocers / Bis-GMA, Bis-GMA. Bis.GMA. Bis-GMA, ethoxylated
additive . UDMA . . UDMA UDMA, UDMA Bis-EMA,
aliphatic and Bis-EMA TEGDMA TEGDMA Bis-EMA TEGDMA
aromatic

dimetliacrylates

Filler type Ba-Al-B-silicate zirconia / silica barium glass, barium glass,. -irconia silica Barium glass,
glass, SiO, . ytterbium ytterbium : . non-

trifluoride, Ba.- trifluoride Ba- . agglomerated
A[-fluorsilicate Al-fluorsilicate -- silica nano
glass, highlydis. glass highly .particle, -
persed silicon dispersed silicon prepolymerized
dioxide spheroid dioxide spheroid filler
mixed oxide. mixed oxide

Average particle 0.7 pm 0.01-3.5 Am 0.04-3.0 tim 0.04-3.0 pmi 0.01-3.5 m barium glass;
size the moan the mean the mean 0.4 Mm, silica

particle 0.6 pm particle 0.7 pim particle 0.7 pm nano particles:
0.02 /m

Filler volume 9 6 5 1 39.7- (0. 60 69

Filler weight 96. 78 80 64.6 79 82 84

Co-initiators no no unknown unknown no unknown
absorption
within<410 nm

Bonding Admir Bond Adper Single AdheSE Adper Single Optibond Solo
Systems . - Bond 2 Bond 2 Plus

Conditioning . Vococid Scotchbond AdheSE Primer: Dimethacrylate Scotchbond Kerr gel etchant
(35% ortho- etchant . phosphonic acid acrylate etchant (37.5%

phosphoric (35% phosphoric (35% phosphoric phosphoric acid
acid gel) acid gel) - acid gel) gel)

Bond matrix Bis-GMA, Bis-GMA, AdheSE Bond: HEMA, Bis-GMA, Bis-GMA,
HEMA, organic HEMA, water dimethacrylate silicone dioxide HEMA, water HEMA, GPDM
acids complex, dimethacrylate , dimethacrylates, ethanol, fumed
acetone three- ethanol ethanol silica, barium,
dimensionally methacrylate methacrylite sodium hexa-
curing functional functional fluorosilicate,

.anorganic- copolymer of icplymer of -glass

. rganic polyacrylic and ."- . polyacrylic and camphorquinone:
coolJmr poyitaconime --- v ' polyitaconic,

acids silic acid silica
oinititor, potoinitiaton. - 't

.Dit a adigclose by (1 m hnufacidres
'Bis-GMA: .Bli "ehol- A --diglycidylmethacylate&Bi&EMA Bisphenol A -polyethIlene glycol diether, dinethacr- ate:

-UDMA::Urethane'dimetiaciylat;dt- : -TEGDMA:4uc~yti6 -Tretlyle lycbld- c,0t1
.'p'tj - - -.

STEGDMA: 'ii thyleneglycoldimethacrylte -HEM droxethI erla GPI Glycerophosphate
diniethacrylate GD. IGlycerol dizethacnlateTj *-

44

- .nr...pvc~~~. .....-cm ..... . _Y I'', -~ - ' -4,
I-, 4 --- ..- 94' .~4.X!
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Table 2 Details of the light polymierization unit and its polyierization motles and profiles

Light typo WavelIngth Output and
Unitode Pofile

and diameter of ens-sion total time '

Nlii LED LED. 420-48oni Statind ard 1100 m10/cn Continuous nregy oitputfer-1t) second
(75 m ) -. . :-. '. . (i) e>n ).4 1. ii I) (10 sood;

Pusile 1100 mt.i/cm 10 -Stuccessive -1second fli h it full
(10 sccoid.4- power piulse nctittion mode, with a rest

period of 250ims betwoon flashes.

Soft stait 4) to 1100\ i2W/cn Exponential one rgy output aiutoi itially
+11ti00mW/cm increased to full energy within 10 seconds
(2o second.4) +10 seconds full tcer y

*Light intensity.purported by maiufacturer

controlled roplo with a const tt eripetritue xof
.. n. . 20± C1 A type L .Fe-cost fttin theriocouple (Fe-

.efi, .W .Const, Elimko Co., Turkey),. connected: to a data
logger (E-68, Eliniko Co., Turkey) was used to
record temperature rise during -the light-curing of

bonding and resin composites. E-680 series of
Da DennDisk unwiersal data loggeis/scainers are advanced, new-

generatio 6 iicocontroller-based industrial
instrumisents compatible with IEC 668 standards.

. .e . .i.. . .... . .Jniversal inputs and outputs. of the device could be-
p.ograiimed easily by the user, aind. data were
collected and stored in I centrally located PC loaded

Fig. I Apparatus for measuring temperature chianges. with software (Data Logger. ver. 51-.1, Eliniko Co.,
Turkey).

Temperature vises were recorded at the following
three levels:

Teniperature test apparatus . 1. Temlierature. rise beneath the dentin disk
To standardize temperature rise measurements, an . without any. restoration to detect whether his-
-aliparattis was modified- from that. developed by . toJheinical and/or structural variables of the
Siinil et Ul.2 (Fig. 1). It compirised two conceitric dentin disk affected . temperature change.
Teflon mold cylinders constructed from polyetra- Temiperature rise beneath all dentin disks was
fluoroethylene. The top Teflon mold cylinder had a effected by using LED LCU for 10 seconds.
central aperture (6 non diameter. 2 mmt depth). The 'The mean tem perature rise was 0.24 ±0.04oC.
resin composite bulk was directly placed in this Thus, it. was concluded that the temperature
aperture onto the. dentin disk treated with bonding change was not affected by any histochemical
agent. The bottom Teflon mold cylinder then formed and/or structural dentin variables.
the lateral walls of the dentin disk (8:mmn diameter, 2. Temperatre rise (luring polymerization of the
2 mnm -depth). The bottoii portion of the appriatus visible light-cured.boniding systems.
had a hole.(1 mIm diameter) jIst beneath thecenter 3 Temperature rise during polymerization of the

.of the deiin disk for thermocouple ive insertion esi coniposites. :The central cylinder
To achive an accurate positioinn ofall the.dentin a ertuio was filled wit the'selected- material
dsk' their thicknesses veie standa dized Iat 2 mul ad then coIeed .ith sMylr trip and
between the tip of tlhe thliiciupl 1, thes -sin i - digitally piessed. Fm lit 6tring the LOU

-..-:.compilosite in each e'tperimnti l ,~ - -" -- : , 1  qtp'wa-psitionied.aga.insit the--Tefloni -mold/,-1±~
compost e: -

Teniert re measurenment . " During L a eac measuremet the initial
Fifteen specimens we prep red for e'each resmn temperature was recorded following temperatuie sta
comifosite twherehly specimens -5) werd bilization (20+ lC) aiid thebithe lchk teiperaturc
polynmerized sig oeodf t thireecnng modes. All wis registeied To'obta nthe tiperattie change,

fineasuenents wer, tae tenkeeiatime theii tia tempeatume ear deducted from the final-

-0. f-
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one. - During the appliciation of-all bonding systems.
the highest .teni>eratre rise was obseived with the

Statisticaifralysis .: soft-start mode and' this increase was statisticaIlly
Using a SPSS statistical softivare program (Version different fton the . other . two modes (p)<0.05).
100 SPSS4 Inc:, Chic ago, USA)..teziperature change Tepituie rses observed with the standard and.
data. were subjqdted to statistical atialysis b -tween- pulse-inode curirig of.tle londing systems showed no

ithe conipbsites as well as aoniog LED curingniodes t-sitistical lifferences-.(p 0)5 Admira and Tetric:
using two ivay aiiaysis of varihbce (1NOVtA) Where Flow. resin composites showed - the. highest.
:significant diffeiences were present. Tukey s post hoc teipeiature increase ,"hei thev. were cured vith.
test was alplied to.examine pairwise differences at a soft-start node (1.50+0.[11. and 1.46±0:05 C.
significance level of 0.05.. respectively), whereis pulse mode curing.of Premnise

resin conposite led to the lowest - teniperature

RESULTS increase among the materials and-, curing modes
tested (0.22+0.0 0).

Table 3 lists the means ant standard-deviations of With soft-sthrt curing, significantly higher

temperatuie rise measured during the polymi izm- temperature iicrease was recorded for Admira, Filtek
tion of six different composites with three different P60. Tetric Cera, and -Prenise. resin coniiosites as
modes of LED LCU. Data analysis by tiwo-way compared to the othet two curing. modes (p<0.05)..
ANOVA showed significant temperature rise No statistically significant differences were obseived
differences amon the curing modes both during fo these specritnens when they were cured with the
application of n ihug agent (F=18. 84) and polymir- standaid aid pittso modes (p>0. 0 5). For Tetrid Flow
ization of resin composites (F= 19.54). and Filtek /25.0 resin composites, temperature

Table 3 Mean (Ciper. Liure rise values ;ad c standard deviations (SD) for the resin composite s-s tens and lighi curing
modes evaluated

Composite Curing maoe Bonding Agent Applieation Resin Composite Polymerization
Mean ± SD lcan ± SD

Admira Standard . 026 0.0)5 0.a4 0:11"
Pulse 0.28 ± 0.04 0.42 -± 0.08

Soft start. 0.'11l 0.05* . 1.5 ± 0.07

Filtck PG0 Standard 0.24 + 0.)5 0.3"0 & + 8,
PIlse . 0.22 .0.04 0:14 o ± .05
Soft start - 0.46 ± 0.05*. o-£0 t 1) l.,,

Tetric Fhav Standard 0.26 ± 0.0;, 062 0.08''"
Pulse 0.2S 0 0 W.38 )0.04
Soft start 0.-11 II0 1 1116 1 0.0-*fln

Tetric Ceram Standard 0.26 ? 5 0.10 + 0.07,"
Pulse . - ).28 0.04 0.30 0.07

Soft start . o)41 + 0.01 IIS - 0.13*''

Filtek Z 20 . Stindaid 0-26 ± 0.05 0.62 + 0.0811
Pulse . 0. 8. 014 0.24 ± 0.0
Soft start 0.46 ,0 0 .) ) +.13

........ . ......----................................. .........................09 0 .... ..........r....Sefise St dard 04 005 .0 + 0 010

se 0 4 7 ;:." __0 2C± 0o-11

i-:, speciens per rxpcrimental qndition . ..

By t-w ap ANOV F 18 84 P= 000 .O 05 for bonding agent tppico F 1 4 p0.000 p<o0. fo resin

Mean, lhbelled-ith e nu-iall letters in the cIumn nor for the compirhon of difterent resin compotes cured ith
the-srme light curing mid: deitesti hghe Qteniperntre rise altie imong th ree light curin od f v
ulteri iI. : They ares a fickiily differn I Tulkey ts (pc<0.. ..)

I -,atrtl

- -~;, -I2

'Ii-', '

"' 4 ~.F -~ - 7-v- 4-.7
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changer with each of the three curing modes~differed the tested materials with each. of the'three modes
(p<OO.0 .. - - nwere lower than this previously' reported critical -

Tukey's. test results showed that the standard value. This below-critical-valiie temperature rise
mode curifig led to statistically significant differences could be attributed- to a prominent feature of this
in temperature rise between Admira ahd Premise, high-powered LED LCU, in that there.was basically
Filtek P60. and-Tetric Flow, Filtek P60 and. Filtek no: infrarIed light transmission to the tooth -and
Z250, Tetric Flow and Tetric Ceram Tetric Flow and hence no excessive -heat was produced 7 . Based on
Premise, Tetric Ceram and Filtek Z250, and Premise the data obtained in this study, it may be suggested
and Filtek Z250 (p<0.05). Pulse-mode curing of that this LED light source could be used safely in
composites did not lead to statistically different similar clinical situations.
temperature variations among- all the resin Resin, composites were: used with their own
composites, except between Admira and Premise. bonding agents inorder to simulate clinical use. The
which were found to be. statistically different from same curing mode made no Statistically significant
each other at p<0.05: The comparisonoftemiperatire differences aimong the bonditig agents, which was
changes of all resin composites cured with soft-start probably due to the Same irradiationtime. 0zturk et
mode showed no statistically significant differences al. " have comparedr the temperature changes under
between Admira and Tetric Flow, Filtek P60 and 1-mm-thick dentin using total-etch and self-etch
Tetric Ceram, Filtek P60 and Filtek Z250, Filtek PG0 adhesive systems and polymerization using a LED
and Premise, and Tetric Ceran and Filtek Z250 LCU. They obtained a higher temperature rise
(p4O.05); the others were found to be statistically (1.610C) for both types of adhesives systems than
different from each other (p<0.05). those found in the current study. The use of different

dentin thicknesses might explain this. Knezevic et
al."' have reported higher temperature increases
with, increased irradiation time and decreased

Temperature rise during polymerization is a material thickness. During the application of all the
consequence of both the exothermic reaction process bonding systems in . this study, the highest
and the radiant heat from the light curing unit. The temperature rise was observed with the soft-start
contribution from the material depends on material mode of LED LCU at a value of 0.46±0.050C. The
composition, , material depth, and ambient reasonjfor this result could stern from the irradiation
temperature, whereas contribution from the light time of soft-start mode being approximately two
depends on exposure time and characteristics of the times longer than the other curing. modes.
light source"'. This in vitro study sought to evaluate Furthermore, the absence of remarkable temperature
the effect of three different polymerization modes of changes in this study supported the suggestion by
a latest high-powered LED LCU on temperature rise Shortall and Harrington"a that greater thermal
under human dentin during the polymerization of insult might occur when polymerizing bonding resins
different resin composite systems. A stringently prior to restorative resins.
standardized dentin thickness (2 mm) was used with The soft-start mode was introduced to reduce
a view to eliminating any possible variation in shrinkage stress of dental composites, to achieve
thermal transfer. Further, a compositespecimen size smaller maiginal gaps, and to increase marginal
of 2 mm thickness was selected as it was considered integrity""). However this technique requires long
to be clinically realistic'". Many manufacturers cure times and consequently increases the energy
quote 2-mm-thick specimens when recommending produced, raising the temperature of resin composites
radiation times. On the shade of resin composite and the surrounding dentin"'. In the current study,
specimens, shade A2 was selected to minimize the the temperature rise induced by each curing mode
effects of colorant on light polymerization- . did not exceed a previously reported critical value.

Temperature increases up to 20C -have been In this respect, the thermal insulation provided by a
measured during light-induced lpolymerization of relativelyit'iclk dentin" might be effective: However,

composite resins' ". According to'Zich and.Coheii'; . tin de swherethe residual-di.fiix.thickness
a temperature rse of.5.5C in thulp-is the iis small d the. tubularsurface area increases-,
that peimits the pulp to recover, from therimal soft-start mod should-be used cautiously ti avoid
damage In the curient study, teinperature changes excessively heat ing the pulp: This is because during
were mneasured during the operation of. a high- the po ymerization of all the tead iesin composites
powered LED LCU with a starting tempediture :of the highest teinpertature increase under deitin was
201 C1 as previously sugestei''a' Temperature consistently recorded with- soft-start mode.
increases under: dentin were .continuously .measured Conversely, the pulse node -yieled -the'. lowest
up to the point where the temperature began to fall temperature r-se for all the tested resin composites.
The peak vlues registeied during the curing of a These data .were in agreement with those of

T,-
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Aguiar et al'!, who evaluated the effect -of five Ceralim and Tetric Flow had the.same molecules in
polymerization modes, and the. presence of. resin their organic matrices and -the same types of fillers,
composite on temperature rise in human dentin. of .they showed different temperature rises.: According.
different thicknesses. They found that conventional, to the data givein by the manufacturers,.the majority.
and .high-interisity .polyinerizaeion modes presented ofTEGDMA was replaced with a blend.of UDMA and....
lower temperature -rise than soft-slart mode in all BisEMA in. Filtek 'Z250 when compared. to. Filtek-
conditions. However, - the values obtained were- P60: .On the other harid, Tetric Ceram had a higher
higher than those of .the current study, which could aiount of inorganic filler than.Tetric Flow. Taking.
be due to the test conditions and light source used. 'these differences into consideration, they could have
According to Loney and Price;i?, the difference in thus led to a decrease in temperature rise during
energy produced by the light curing units was an polymerization. Tarle et al.:e found higher
important factor for different temperature rises in temperature rises with standard-mode curing of
different polymerization modes. Therefore, the hybrid. composite Tetric Ceram (2.2 0 C)C and
differences in.energy produced by the three curifig microhybrid composite Filtek Z250 (1.50C) than those
modes might be responsible for the differences in the found in the current study fot* the same materials
observed temperature changes. .- -(0.40*C and 0.62'C 'espectively) It should be

With regard to material composition, Shortall highlighted that in their experiinent:, they used one
and Harrington'"' have concluded that temperature of the early commercial blue LED LCUs giving an
rise is also related to the light transmission charac- exposure profile of 10 seconds at 50 mW/cm2, then
teristics of resin composition. Masutani et al."' 30 seconds at 150 mW/cm. Differences in the curing
suggested that the exothermic reaction of the resin protocol might help to explain the differences in
during polymerization had a greater influence -on results between the two studies using the same
temperature rise vis-a-vis the light source. This products.
suggestion was supported by our results where the Premise, which is a nanofilled resin composite,
temperature rise was very specific to a given has been highly rated for handling, polishability,
composite due to its unique combination of filler, esthetics. and shade matching by clinical
resin characteristics and formulation. While the evaluatorsT. . Its manufactur-er claimed that this
highest temperature increase was observed - for resin demonstiated only moderate polymerization
ormocer (Admira)- and flowable (Tetric Flow) resin shrinkage caused by changes in dimensions as the
composites with soft-start curing, the lowest resin was being cured. The temperature
temperature rise was observed for nanofilled hybrid measurements under all conditions revealed the
resin material (Premise) with pulse curing. It should lowest temperature rise with this product and
be highlighted that all the composites tested had affirmed its safe use in clinical situations.
different volume fractions of the organic resin matrix. In this study, final temperature increases during
This appeared to be effective in influencing the polymerization with the high-powered LED LCU
extent of exothermic reaction during the polymeriza- appeared to be below the critical value that can cause
tion process, and thus the differences in temperature pulpal damage, thereby indicating its safety. In the
change. current study, temperature change was evaluated

Under the same light-curing conditions, the under human dentin of 2 im thickness. At this
different thermal conductivity values of composites juncture, it should be put into perspective that for
and the different patterns of energy density heat-related pulpal injury, the remaining dentin
distribution along time&' could help explain the thickness is a critical factor that influences the
results in this study. The ormocer material amount of heat reaching the pulp. Therefore, further
possessed a modified organic matrix, formed by . studies should be performed to confirm the effects of
monomers with a single polyimerizable end. The different ciring modes on temperature change during
other end was formed by an alkoxy group, resulting the polymerization of -composites placed over a
in an inorganic area, bonded to other monomers by'a thinner dentin: This would then mimic a more
chemical reaction. ofcondensation, converting the realistic clinical situation.-
monomer precursors in a polymeric-inorganic conden- -
sate - via sol-gel pIocessing -to create a. complex
stricture with ti foiration of the Si-O Si chain inUO .. -

the inorganic area of the polymher'" Li) The signifi Within the limitations of this in vitro study .the
canitly gieater temperature use with the ormocer following conclusions were di-awn:.
cominpared to the other products tpresumably resulted (1) The high-powered LED LCU caused minimal
from the differeiit moniomer iompositions, given the temperature rise under dentin during the
relatively low light transmittance of this produict polymerization of all resin composite systems

Although'Filtek Z250 and-Filtek P60,.aid Tetri (2)'. Soft-start curin led to aignificantlythigher
- 4--- 4
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ORIGINAL ARTICLE

Effective .single-charge end point of cordless
light-emitting diode light-curing units

Robert H. Judy," William J. Dunn,' Arpita B. Patel," and Timothy Swanson'
Fairfield, Calif and San Antonio. Tex

Introduction: The purpose of this study was to'evaluate.the battery lives.of.cordless light-emitting diodes
(LEDs) and their effect on orthodontic bracket bond strength. Methods: One hundred eighty-six metal
orthodontic brackets were bonded to. extracted -molars.. Two LED light-curing units (L. E. Demetron
[SDS/Kerr, Orange, Calityand Ortholux [3M Linitek; Monrovida, Calif|) were evaluated. Each light was used to
bond 93 specimens. One bracket was bonded every 5 minutes Until the battery ran out. The lights were
activated for 20 seconds, then automatically timed'off for 40 seconds every minute (33% duty cycle) without
recharging. Bonded specimens were stored in water at 370C for 24 hours and then subjected to shear force
with a universal testing machine until bracket failure. Results: Repeated measures ANOVA detected
significantly weaker mean shear bond strength and fewer consecutive cures with the Ortholux compared with
the L. E. Demetron light-curing Unit. However, when the first 5 time points were excluded, there were no
differences between the 2 lights, demonstrating that the lights performed similarly, after the first 20 minutes
of operation Just before battery failure, both lights still provided the same power density as at the beginning.
Conclusions: Both light-curing units provided adequate power density for up to 2 hours without recharging
at a 33% duty cycle. There was no significant decrease in power in cordless LED light-curing units as the
battery life approached its end point. (Am J Orthod Dentofacial Orthop 2006;130:378-84)

isible light-curing units (LCUs) play an impor- tion. The heat generated from QTH light systems can
tant role, in the practice of modern clinical cause blistering of sensitive light filters and discolora-

V orthodontics by providing rapid resin-based tion of the teflectors, and the cooling fan can be noisy
composite polymerization on command. Resin poly- and disperse any bacterial aerosol in the patient's
merization occurs when carbon double bonds in mouth.3 In addition, halogen bulbs last approximately
methacrylate monomers are selectively converted into 50 hours'and should be replaced every 6 months.5
single bonds, propagating polymer growth, by free Studies have shown that private dental offices do not
radicals created by the activation of diketone photoini- routinely service their QTH LCUs, and many LCUs
'at by light in theblue range of the visible spectrum have an output that is inadequate for polymerization.67

aapproximately 468 nanometers (nm).' Currently,atapprcoxfat visible nanoeitsers n. Crt ntl' Other methods for curing dental composite resins usemost sources of visible blue light used in orthodontic xenon plasma arc lights and argon lasers. Althoughpractice are quartz-tungsten-halogen (QTH) LCUs. De- the curing time for
spite their popularity, QTH lights have several draw- substantially more
backs. Conventional units operate by heating.a tungsten dena th a a l
filament, similar to an incandescent light bulb,: to expensive and bulky.

* In 1995, after improvements in blue light-emittinggenerate light; they also generate a significant amount
- diode (LED) semiconductor technology, LEDs wereof heat, and the process in inherently inefficient be- diod (E seicouctor teolyers wr

cause only 1%. of the initial energy input is actually proposed as alight source for the polymerization of
into blue light for composite polymbriza- light-cured resins.s.9 LEDs are solid-state light sources

forete compsit polyunz lihtthat convert electrical energy. directly into :light.0

Dltparunent or orthodontics. Trvis Air Force Bae. Fairfield; calif . Because they are sold-state devices, they - cal be,bDirector of Research.and Bionatcerials Wilford Hall Medical Center, a
and Asi.Force ase, San Antonio. Tex.. manufactured to tternely small dimensions andth
Private practice, San Anonio Text' *** .. stand mechanical shock and vibration With low failure

."Department of Ohodonic.na .Tri.service Orhodorititesidncy Pn a rates. LEDs.at in-everyday household aipplian esschLackland.Air Fonrc Base, San Antonio..Tex. .
Reprint requesis wo Dr William . Duni, 3701 Point-cle 4, s as indicator. ght and sensors, and in the dashboard
Ms 39s64e-mail williarndunnokeslerarnii darkh secon instrument panels of automobiles, and they can have a
Suaded October2004; revised and accepted Febr 2' lifetimeiof .up.to 10 000 hours. :LEDs are manufac0889-5406/432.00.,
Copyht c2oo6 by the Amian, Associaon or d tured by metal organic .chemical vapor deposition of
doi: a0 .lOi.ajodo2aos.o0z 07 idifferent semnicondctor materials in films that are
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layered on top each other. The most recent blue LEDs
use indium-gallium-nitride technology to generate.
high-energy photons in the blue region of the visible
light spectrum.' 2 As electrical current flows through the
semiconductor chip in. an LED, electrical energy is
converted directly into light with little energy lost as
heat. The result is a stable, efficient, long-lasting output
of blue light in the range of 440 to 480 m with no need
for a cooling fan.3 The narrow spectral emission band
of LEDs closely overlaps the spectral absorption peak
of the common' dental photoinitiator, camphoroqui-
none, at 468 nm; this means that the LED is very .
efficient at polymerizationY The efficient energy con.
version of LEDs has allowed the) development of
cordless LCU units that operate silently and have a long Fig I LED LCUs used in study left, L E. Demetron;
bulb life.'o right, Ortholux.

Composite resins cured with LEDs appear to have
physical properties equivalent to resins cured with QTH MATERIAL AND METHODS
units. 12-14 Initial studies demonstrated that increased One hundredeighty-six extracted human molars were
curing time or decreased composite resin material collected and stored in 0.5% chlommine-t solution for nothickness was necessary to obtain equivalent mechani- longer than 6 months before the start of the study. Teeth
cal properties in the composite with the first generation with caries, cracks, hypocalcification, peculiar morphol-
of LED LCUs."" 6 Although depth of cure is an ogy, or other visible defects were excluded. The roots of
important consideration for the restorative dentist, it is the teeth were notched and embedded in laboratory stone
much less of a concern for the orthodontist because the (Whip Mix, Louisville, Ky) in an acrylic ring (Mark V
layer of composite that bonds brackets to tooth struc- Laboratory, East Granby, Conn). A placement guide was
ture is significantly thinner. The first generation LED used to align their buccal surfaces so that they were
LCUs could cure a 0.7-mm-thick increment of compos- perpendicular to the bottom of the acrylic mold. The
ite in 40 seconds.'s Although this rate of cure might be buccal tooth surface was cleaned with noifluoridated
unfavorable for restorative dentistry," LEDs can pro- flour of pumice (Moyco Industries, Philadelphia, Pa)
vide an efficient method for bonding orthodontic brack- for 10 seconds and rinsed with sterile water from an

- ets to tooth enamel. It has -been reported that bond - air/water syringe for 10 seconds. Transbond self-etch-
strengths from 3 to 7.85 MPa might be adequate to ing primer (3M Unitek, Monrovia, Calif) was used to
withstand orthodontic forces.'" 9 Recent studies dem- condition the buccal surface of each tooth according to
onstrated acceptable shear bond strengths of.brackets the manufacturer's recommendations. APC (Adhesive
bonded with commercially available LEDs 20 21; how- Pre-Coated) II Victory Series Twin premolar brackets
ever, no studies have evaluated the shear bond (3M Unitek) were pressed to place on either the
strength of orthodontic brackets to teeth with cord- mesiobuccal or the distobuccal surface of each tooth,
less LEDs when teeth are consecutively polymerized depending on which surface provided better adaptationlessLE~ whn teth re onscutvelypolmerzed with the premolar bracket. A plastic instrument waswithout recharging. Orthodontists often bond an with th remola brce a sic instme as
entire arch, up to 10 brackets, with no pause between used to remove excess adhesive. The same operator

(RJI) placed all orthodontic brackets to minimizeteeth. With the manufacturer's usual recommenda-teh toperator variability. Brackets were positioned so that-ion. of.a;20-second curing time per..brackt. the bracket/tooth interface would be parallel to thecould mean that-an LCU would operate for at least -ecti o t ketdirecion oftlie. dislodgig force. Orthodonti bickt200 seconds It is also possible that if a multiple- w were potopolym zd with I of2 LED LCIs (Fig1)
chair officelshares an LCU; the light might have to L.E Demetroni (SDS/Kerr, Orange CA) and Ortholuk
performmany bonding procedures on several pa- L (3M nitek) The teeth were randoml divided
tientsbefore recharging Thep prpose of this study into 2 grof 93 t each
was to evaluate the ability of comiinercially available The first grop of teeth and brackets was cred with
LEDs to consecutively bond orthodontic brackets to the.L E. Demetron for 20 seconds The second group

h on a sin e arge was cured with the Ortholux LED for 20seconds Each
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LCU was fully charged according to the manufacturers' L.: E. Demetron. Because the Ortholux- shut- down
recommendationis. At the start time (0 seconds),- the earlier and zero values were recorded for the last 5 time
light was.activited fo 20 secoiids. The light guide tip". . points, another repeated measures ANOVA was run
was placed on the mesial surface of the first specimen's excluding the zero values to determine whether., a
bracket/tooth interface for 10,seconds and on the distal difference could be detected. Significit differencessurface of the bracket/tooth interface for the remaining were still observed (P<.015). The profileplots of the
10 seconds. The light automatically timed itself of and 2 lights (Fig 2) show that the difference was largely due
40 seconds were allowed to elapse without recharging to differences in the earlier time points. As. time
(33% duty cycle). The 40 seconds simulated the time . elapsed, the lines began to approach each other. When
required to accirately place the next orthodontic the ANOVA was run excluding the data from the first
bracket in the direct bonding method. This similltion 5 and last 5 time points, the difference between light
of curing and waiting was continued untilthe.total grotips \vas no longer significant (P >.05).. .
elapsed time was 5 minutes. Then the light source was.
placed on the mesial surface of the second specimen's. DISCUSSION
bracket/tooth interface for'10 seconds and on the distal Since the 197(s, the halogen LCU has been the
surface of the bracket/tooth interface for another 10 instrument of choice to cure visible-light Polymerized
seconds. This cycle of activating the LCU for 20 adhesive. Halogen LCUs operate by superheating
seconds every minute and photopolymerizing a speci- a tungstei filament in the presence of halogen gas in
men every 5 minutes Was performed for a total of 155 the bulb. Energy is then released mostly as heat, but
minutes without recharging to simulate consecutively white light is also created. The white light is filtered
bonding 155 brackets (6-7 full-mouth patients) without to isolate wavelengths of 400 to 500 nm in the blue
recharging the light. Bonding a specimen every 5 region of the visible spectrum and directed down a
minutes produced 32 bracket/tooth specimens over the light guide that concentrates the light beam. In
155-minute time span. The battery was then fully contrast, the LED produces blue light via a quantum
recharged for 24 hours between testing, and the. 155- mechanical process in a semiconductor chip, and little
.mnute process was repeated twice more for each unit. energy is wasted in the process.3 .8
The specimens were stored in distilled water at 370 C . The halogen LCU market was challenged in 2001
for 24 hours and then loaded to failure on a universal with the first commercially available LED LCUs,
testing machine (Instron model 1541s, Canton, Mass) at *which promised equivalent polymerization in a much
a crosshead speed, of 1.0 mm per minute. A chisel- smaller, cordless unit. Today, there are at least 74
shaped rod was placed as close as possible to the commercially available LCUs on the dental market
bracket-tooth interface during the shear test. The order Still, the most popular kind of LCU is the halogen light,
of polymerization of each bracket was identified, and with over 40% of users using a specific one-Optilux,
the force in newtons was recorded. The force was manufactured by SDS/Kerr.' Kerr's introduction to the
divided by the surface area of the bracket base pad to LED market was the L. E. Demetron, the most popular
obtain the shear stress value in megapascals (MPa). The LED LCU among dentists, capturing about 10% of the
manufacturer reported the surface area to be 9.81 mm2. entire visible LCU market share. 3M/ESPE's Elipar
The 3 data points for each time point were averaged and Freelight LED, which is very similar to the Ortholux
recorded on a time-bond-strength graph. A within- LED (3M Unitek), had 1.2% of the visible LCU market
groups analysis of variance (ANOVA) was performed in 2004.4 Recent studies demonstrated that, with
to identify any differences across the 3 trials. The shear .2-mm-thick specimens of resin-based composite, the
bond strength for each group (L. E Demetron and first generation of commercially available LED LCUs. Ortholux) was aialyzed by using repeated measures provided inferior polymerization compared with QTH
ANOVA at a 05 lights2  Maximum conversion of monomer to poly-
RESULTS -mer is necessary tchieve optimal physical proi

of adhesive cements. . Itcomplete polymerization *'s

Shear bond strength data for specimens photopoly- been associated wil$ bondig failures..and> infer
inri w i rt i E.Dmtoan teOhlix pycl properis of .1ight-cured; composite. mater-LCUs are reported in Tables I and II A within groups 7als'28 Dept f cure studieshave limited reeance in

ANOVA- detected no differences across theil3 trials orthodontis eaue'bfthetiknessof.te s ecimns
(P,>.05) Repeated measurei ANOVAs between sub Because the adhesive layer between orthodonticba6k
jects. detected a sigmficant differeice (P <.003) be- ets and tooth enamel is considerably thinnr than 2 mm,
tween specimens bonded with the Ortholuxand the adequate photopo ymenzation can still occur with

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Amwrican Journal of Onhodontics and Demofacial Orthopedics
Volume 130, Number 3 Judy et at 381

Table I. Shear bond strength results of L. E. Demetron

Snwsatawo ~~Stress at auto Sh= at autoStes ut.me (minutes) break run (MPa) break run 2 (M) break break

LT= . .93 - . 20.82 14.66 .. . 16.472.T=514.51 14.66 916.47i~
3.T= 0 12.30 14.62 9.47 11.88
4.7T- 15 12.17 10.38 .1658 143.50
5. T = 20 9.81 1.85 18.13 13.56
6. T - 25 15.26 20.33 10.8 13.38
7. T = 30 20.28 12.81 10.88 15:49
8. T = 35 . I6.06 - 15.360.7 12.7
9. 7 = 40 .10.77 17.13 16.45 12.70

10. T = 45 . 18.94 6.60 10.39 12.76.
11. T = 50 - 10.64 8.18 ..9 11.83
12. T = 55 9.92 18.12 9.67
13.T=60 12.12 9 . 11.45 13.16*
14. T - 65 . 14.13 8.5 16.79 . . 12.97147-514.13 

*.8.56 16-54. 13.0815. T = 70 10.84 15.05 12.4 12.65
16.=75 16.04 9.20 14.83 1.6
17. T = 80 . 12.76 15.98 .1 13.36
18. T = 85 9.94 5.60 9.91 12.88
19. T - 90 g.95 22415.60 10.38197 9 89522.24 17.24 16.1420. T = 95 17.07 17.08 8.67 147
21. T = 100 10.26 10.89 9.65 10.27
22, T = 105 19.12 10.59 9.51 13.0723. T = 110 12.16 11.06 16.69 13.30
24. T = 115 20.63 14.24 11.79 . 13.30
25. T = 120 .2.ag11.77 . 15.5525.= 208.21 9.18 7.91 8426. T = 125 14.20 10.96 7091 8.43
27. T - 130 14.92 14.60 13.31 14.28
28. T = 135 19.04 13.95 6.63 14.28
29. T = 140 14.59 10.33 6.74 13.21
30. T - 145 12.71 0 15.74 13.5
31. T = 150 10.90 0 15.82 9.51
32. T = 155 0 01.57.953j=5500 

0 0

currently available commercial LEDs. Tavas and propanedione Operators ar urged to Contact theirWatts23 demonstrated that, for bonding metal orthodon- Product representatives for further information Ontic brackets to teeth, sufficient light is trasilluminated which photoiitiators are contained in the resin if the
by the teeth to effect adequate photopolymerization of office uses LED LCUs.
the thin layer of resin-based material. Our results show that both LED LCUs provided

LEDs often have. irradiance levels that are much Sufficient Power density to bond Orthodontic brackets tolower than traditional halogen lamps when measured on teeth for a minimum of 2 hours without recharging,
curing radiometers, yet still-cure composite because the assuming that the lights are fully charged and used withemission spectrum of the blue LED is similar to the a duty cycle of 33%.(20 seconds on and 40 seconds .absorption spectrum of the camphonuione photoini of). An interesingobservation ou rasutiator. 0 Curing radiogmetersreprt total irrdiac ne l showed that th eidi g te d ao ilits not lose intensity befa itheytensity, whicrirclues w elengthsoutside theusables, trsh dyI data on LED batterylife-estsspectrum faphorouione.IlThis Would only be. condaCed by'-Re hAssociatese4diprn if -the Composite, beng used contains a ii, - oe~rai;s b9 ~ pOf -inR Aitesy Wln thei-~~~; dfen potoinitiator: that is. activated outside the~ ~lghtw as-about' tofaLoverC 'seulsd -

ipecniiof~not E~s Phnyiropanedionei a photoz- .'.onatrated shuitdown'earfiu-tla our'resultsCRAiet4xi>' ntiatr i" nive t:.lignt'in. the nueartra vle ported the Ltbnezmirot-aiing d iue n h

S- - --. -7bl., Y L >3t5 Q
. .... ......

rang aVl'n.'i- evl c .=......- vt'.*i'z-. A ~~ r > . ..L'"j- % :J t K~ Z._= 
t~ 
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Table II. Shear bond strength results of Ortholux

Stress a auto Stress at auto Stress at auto Stress at auto
. Time (minutes) break runi1 (MPa) - break run 2 (MPa) break run 3 (MPa) break margn (MPa)

.T 0 8.05 -5.07 10.27 7.80
2.T=11.96 12.97 10.14
3.T=10 -.8.02 9.99 132 1041
4. T= 15 8,95 8.69 9.46 9.03
5. T.= 20 .- 11.37 m988 9.77 10.34
6.T = 25 6.19 10.43 14.49 10.37
7. T = 30 9.9 8.50 11.19 9.85
S T = 35 11.38 16.42 578 11.19
9. T =.40 7:57 10.07 10.82 9.49

10. T= 45 7.47 8.76 1066 896
1.T 50 13.96 6.50 12.33 10.93

. 12. T 55 - 9.68 9.01 9.73 9.47
13 T =60 . 10.54 10.03 7.34 9.O

.14. T = 65 14.13 3.98 13.31 10.47
15. T =70 8.41 10.52 9.65 9.53
16. = 75 9.79 17.26 13:86 13,64
17. T = 80 9.28 856 8;28 8.71
IS. T = 85 12.70 512 18.51 12.11
19. T = 90 8.29 14.16 9.51 10.65
20. T = 95 11.96 8.04 16.76 12.25
21. i = 100 10.24 11.63 15.54 12.47
22. T= 105 6.63 12.71 8.69 . 9.34
23: T 110 10,48 12.85 8.92 10.75
24. T = 115 10.19 12.66 15.72 12.86
25. T 120 11.15 . 9.54 17.10 . 12.60
126.T= 125 7.66 16.02 0 7.89
27. T =130 0 0 0 0
28. T =135 0 6 0 0
29. T= 140 0 0 0 - 0
30. T = 145 0 0 0 0
31. T = 150 0 . 0 0 0
32. T =155 0 0 0 0

(Advance LEDi, TPC Advanced Technology, City of was detected (P <.015). Figure 2 suggests that the
Industry, Calif) to 125 minutes (Smartlite IQ, Dentsply/ main difference between the lights occurred primar-
Caulk, Milford, Del). However, the CRA study tested ily at the earliest time points. When another repeated
the bond strength of composite rods to teeth and not measures ANOVA was performed excluding the 5
orthodontic brackets. Also, the power densities ranged earliest time points, the difference between lights
from 225 mW (Smartlite PS, Dentsply/Caulkl to 680 was no longer significant (P >.05). This demonstrates

f mW (Allegro, Den Mat Santa Maria, Calif). It is that the differences between the 2 lights are sianificant
.serendipitous that LEDs perform at acceptable intensi- for only the first 20 minutes of operation after full

ties until they fail..If the battery slowly died; and power recharging, but not for the rest of. operation up to
intensity fell off gradually, many subclihical bracket. discharge
failures vibuld ociiiiafter the patient left the: offie; The data of this in vitro study should becompared

RehtdniedurAiqbV s ieorid n 12 only with groupstwiiai the stud and- the laboratory
- time points detected a significant difference i bond fihdings shoudk notybe.extrapolated to the clinidal

strength betweente2ihts o0 Be e situton s tia signifcant dif s ha
Ortholux discharged earlier and therefore reorded been found betwe nin vivo and in vrtro mean shea
zero values for the t 5 time poits, another - bond streni astudies are a -alable -
ANOVA was perormed o just the fit 26'mtim screening t6oi Uuticlinicalvalidatidn i nec

points to determiine whther adifference would still . be fore any prouct or i is alyccet

4- .. -F tt4 -- .. * -4

_k _7I ~~4
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Fig 2. Stress (MPa) vs time (min) Of Ortholux and L. E. Demetron LCUs. L E. Demetron had highermean shear bond strength and longer battery life than Ortholux.

in-vitro performance of brackets bonded with the LBDs REFERENCES
in vivo.

1. Wans DC Adhesive resins and composites: principles of adhesio.
In: Brantley WA, Eliades.T, editors. Orthodontic materials-

CONCLUSIONS scientific and clinical aspects. New York Thieme; 201. p 189-200.
2. Fujibayashi K, Ishimirn K. Takahashi N. Kohno A. newly

Under the conditions of this in-vitro study, b rackets. developed curing unit using blue light-emitting diodes. Dent ipnUnde th coditonsof his n-vtrostuy, racets1998;34:49-53.
bonded to teeth with the L. E. Demetron had signifi- . Mills RW, Jandt D. Blue 49EDs for curing polym5er3bas.
cantly higher mean shear bond strength for the first 20 3.entlll ing materials, lase electro-optics So lm EleCt
minutes of operation compared with the.Orthohix LED Electron Engrs Neilett.1998:12:9-10.
LCU. For the est.of light operation;zthere was. no 4.Rueterg.PA,.Twisy sw, Caughman WIF, hajotia sstatistical d n bd rengt be Wtw en -u Lifetime inteniiil of 1 lighcuring units absrsaitcldifference; in-bond'str~o I- Re'995:30 - : J uis(asra 3lights; i , Demetofila n Jne973
battery' life. Cs provided adequate-power li Es bit 8iipa18 rs9
density, forup to 2Thours, wtout recharging iti-3% ( 6Myzk atn cssuYKnoMOoeH or
duty cycl. Furthermore, itwas shown just befe K un of curing units used am prvate dental
battery failreb othlight could r lra;ket e3
at acceptable! bon strengths e , a C at of cus qg
das in p e i t eitng diodes-anoth e method of lightlfapproachesitsCnd fpoint.-' -- ~.tX~C arig rDnl19 7 6

t, 
7

N .. . . . . . . . .4-t.~ 4
- it -L

-4

3' -~I..

V.; * iutit*4... . si ,~ ~.,ptc t;' .. v~1A~-,t

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



384_Judy -aIJer at -. .a ,

- September 2006

.. Nakambra S, Mukai T Senoh M.Candela-class high brightness .21 Swanson T, Dunn WJ, Childers DE, Taloumis U. Shear bondls:rut g. Naolr Corn .D:unnbne ih ih-mtt idP InGaN/AlGaN double heterosructure blue-light-eitting diodes streiigth of orthodoritic brackets bonded with liglu-emittg diodeApp Phys Let199464:1687-9. curing units at various polymetizati times. Am Ohod10. Dke ES.Light-elting diodes.in composite resin photopoly- DentofacialOrthop 2004;125:337-41.
merizationComlpendium 2001;22:722-5.. Zahrissou EU Bonding in orthodontics. In: raber TM

11. Rea MS, tor. Ligting harlbook8th ed New oric iliimi-
n11 ting MS i hing cieyboNokth d eri a Yo199. iu7-4Vanarsdall RL; editors Orthodontics: current principles andnating Sofcietryg f. North America: 1993. p 237-40 techniques. St Louis: Mosby-Year Book; 1994. p. 542-626.12 0 0 7HaingMAdvances in .Ht curing Am I Dent 23 Tavas MA. Watts DC. Bonding of orthodontic brackets by

tniiluhintion: of a. light-activated composite: an in vitro13. Nomoo R. Effect of light wavelength on polymerization of tiudy. Br Orthod 1979nf .i07-8. c a
light-cured resins. Dent Mater T1997;16:60-3std.BJOrio19:6078141illsur ren.J KDent A rt SH Dentalcompoitedep-73 24 Clinical Research Associates. LED resin curing lights 2004. CRA-.. . ~~~~14 Mills RW. lactic CD, Ashworth SH. Dental composite depth ofNesttrpil204Avlaeattp wwcnwscij
cure with halogen ard blue light emitting diode technology Br Newsltte Aprile Juneew. Det J 999;86 38-91... c.index.htm. Accessed Lie 0 2004.
Dethl F lAsiort , J D M25. Dunn WJ; Bush AC Comparison of light-emining diode and
diode (lED) polrSiat ofD Mills copoit feitin halogen-based. light curing units on composite hardness. JAmdid LED) polymerization of. dental composites' flexual. 1 Ass.. 

.properties and polymerization potential. Biomaterials 2000; D 2002:133:335-41.
L 21i1379-85;' -26. Ruyter IA, Oysaed H Conversion in differnt depths of ulhravi-
. 16. Kurachi C. Tuboy AM, Magalhaes DV. Hardness evaluation of nle and visible likht-activated composite materials. Acta Odon

a dental composite polymerized with experiinental LED-based tol Scand 1982,40:179-92.
devices. Dent Mater 2001;7:309-15. 27. Council on Dental Materials, Instruments, and Equipmen Vis-

17 Ruggeberg FA Caughman WF, Curtis JW. Effect of light . ible light-cured arid ctivating units. I Am Dent Assoc 1985; 110:
intensity and exposure duration on cure of resin composite. Oper 100-23.

. Dent 1994;19:26-31. 28. Blankenau RI, Kelsey WP, Powell GL, Shearer GO, Barkmeier
18. Reynolds IR. A review of direct orthodontic bonding. Br I WW, Cavel WT. Degree of composite resin polymerization with

Orthod 1975:2:171-8.- visible light and argon laser. Am I Dent 19914:40-2.
19. Bishara SE, VonWald L, Laffoon IF. Warren JJ. Effect of a 29. International Organization for Standardization. Dental materials:

self-etch primer/adhesive onthe shear bond strength of orthodon- guidance on testing of adhesion to tooth structure. ISO 11405.
tic brackets. Am J Orthod Dentofacial Orthol 2001;119:621-4. ISQ: Geneva, Switzerland; 1994.

20. Dunn WJ. Taloumis LT. Polymerization of bonding composite 30. Pickett KL, Sadowsky PL, Jacobson A. Lacefield W. Orthodon-with light-emitting diode (LED) curing units. Am J Orthod tic in vivo bond strength; comparison with in vitro results. AngleDentofacial Otthop 2002;122:236-41. Orthod 2001;71:141-8.

.1 4'

C4I.

7-,I

11 04 ,-n 1 Ail

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



"Operative Dentistry 2005, 30-6, 764-771

Curing of Pit & Fissure Sealants
Using.ight Emitting
Diode Curing Units

JA Platt * H Clark BK Moore

Clinical Relevance
Adequate polymerization of opaque light-activated sealants should not be assumed and
is dependent upon-the material and light-curing unit.

SUMMARY 2(UL), UltraLume 5 (UL5) and VersaLux (VX).
Light Emitting Diode (LED) curing units ar Sealants used in the study were UltraSeal XT
attractive to clinicians, because most are cord- plus Clear (Ucir), Opaque (Uopq) and Teethmate
less and should create less heat within tooth F-1 Natural (Kclr) and Opaque (Kopq).
structure. However, questions about polymeriza- Specimens were fabricated in a brass mold (2 mm
tion efficacy have surrounded this technology. thick x 6 mm diameter) and placed between two
This research evaluated the adequacy of the glass slides (n=5). Each specimen was cured from
depth of cure of pit & fissure sealants provided the top surface only. One hour after curing, four
by LED curing units. Optilux (OP) and Elipar Knoop Hardness readings were made for each
Highlight (HL) high intensity halogen and top and bottom surface at least 1 mm from the
Astralis 5 (A5) conventional halogen lights were edge. The bottom to top (BI' KHN ratio was cal-
used for comparison. The Light Emitting Diode culated. Groups were fabricated with 20 and 40-
(LED) curing units were Allegro (AL), LE second exposure times. In addition, a groupDemetron I (DM), FreeLight (FL), UltraLume using a 1 mm-thick mold was fabricated using an

exposure time of 20 seconds. Differences between
lights for each material at each testing condition

. ery AYatt, DDS. MS, assocate professor and director were determined -using .one-way ANOVA and
_.tybol f _,StudetNwoe of De Indan Uni it.hoo Stdn-eda-elPost-hoc test (a.==0.05).-

n~stry .US T;fere was no statistical differenicebetween lightBi rsahasciate, Idinayniveisity.Scho: curing hi for UClr cured'in a mtimsunits aA-inmiticns
Of ~ tr-nlanai4 I, USA; for:20 oA& or cue in a12 mnthickness fo'r 40:BK Ph, so All other materi and 'onditionsU n iversa d i o In ei n

. RPrint reusl11WMihgnSaidliI 216 Bth opaque mateil sowed significant variUSA iai jp peOW itt2i ed .- ie iffl KHN-ratio dea n im h
D 0 0 li -ilit

ep. the

_DOL0.231/04159,lig

VATi.~1l(- 
7 -9
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INTRODUCTION TableI Light-salivatng Units Used

to use of pit & fissure Curing Units M----------- .
oealants is recognized as Highlight HL) USA Type:
an important component Optlux (OP) SDS Kerr, Danbury. CT USA QTH- 764

oep e e nve den tAstralis 5 (AS) Ivoclar-Vivadent, Liechtenstein ,75.

.Wentraob & 1Bir , LE Demetron I (DM) SDS Kerr Danbury, CT, USA LED
W end , Ko h & Birk ed, Allegro (AL) - Den-M at, Santa Maria, CA,- USA LED _ _ _ _ _ _ _ _ _2001). These sealants LE 132001)e hesled sat UltraLurne 5 (UL5) Ultradent Products, South Jordan, LEDare also utilized r UT USAOf preventive resin UltraLume 2 (UL) Ultradent Products, South Jordan, LEDrestorations (SimonsAen,

1978) and, as such, are FreeLight (FL) 3M ESPE, St PauMN, USAL
an important materal Versalux (VX) 3entrix, Sheltonl, M, USA LED
for the dental practition- 142
er. The presence of an
intact sealant or sealed restoration may Table 2: Sealant Matenals Testeddecrease the need for, or delay the oriset of, a
more invasive restoration (Mertz-Fairhurst & Sealant Manufacturer Lot #UitraSeaj XT Clear (Ucir) Ulradent4Wothers, 1998). This effect is dependent upon Ultrasea Opaue (Upr) Ultradent 4W4
the presence of the sealant. Therefore, issues
that impact the retention of resin-based Teethmate F-I Natural (Kcr) Kuraray 0678A
sealants are important when selecting a Teethmate F-1 Opaque (Kopq) Kuraray 187BA
sealant for use.
Partial loss of the

sealant may be associ-
ated - with decreased 1 mm 20 sec.
effect iv en e s s

'eintraub, 1989). 1.2
* acause visualizing a
partial loss with clear HL
resins can be difficult, 1.0
opaque materials have 2 0AS
been developed in an
effort to enhance D
detection (Rock & oth- 0. 0.8
ers, 1989). These U
materials have opad-
fiers, such as titanium 0.6
oxide, added to the
resin-matrix. Also, cli-
nicians seem to favor 04
light-activated mated-
als that provide a 0
rapid initiation of poly-
merization. This rapid 0.2
initiation may aid ease
of placement particu-
larly in the pediatric 0.0.
population. It has long- U
been recognized that q
the sde of a resin
has a significant i -
unpact on 'the pol ymer-
imaton of esn olyme 1 , So refei, scattering and absorption They should.-ization o'aaresin composite (Kanca, 11986; Shoral

so1n& Hariingto 1995). B n e decrease ith amount of light, energy that penetrates
d be xected to cause signi can amouints of light hough the bulk ofthe i sii Therefore,heopactof

XTA I 
t. ~
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spherea (Ocean Optics
Inc, Dunedin, FL,
USA).. Calibration .of
the spectrophotometer

1.6 i.. .n absolute spectral"
irradiance units was

HL conducted with an LS-
IIMM OP 1-CAL-INT -NIST

Ztraceableight.source
. 12 IIRAS- usaig 00Iorrad-c soft-

DM ware, also from Ocean
1.0 m AL Optics. The power

spectrum was integrat-
ed from 380-520 nm to

0.8 obtain intensity values
in mW/cm. Four differ-

0.6 eVX nt sealant materials
(Table 2) were investi-
gated using three cur-
ing conditions for each
combination of light'

0.2 material: 1-mm thick-
ness-20-second cure,

0.0 2-mm thickness-20-
second cure and 2-mm

Ucir Uopq KcIr Kopq thickness--40-second
cure.

Figure 2a 2-mm thick-20 second cure: bonomdop KHN. (n5) Each specimen was
fabricated in a brass

some currently marketed pit & fissure sealants should mold of appropriate
be expected to have a similar impact on the polymer- thickness, with a 6 mm internal diameter. The mold
ization process. -was placed between two glass slides and on top of a

The clinician has the choice of several light sources for white background. Each specimen was cured for the
the activation of light-activated sealants, including appropriate amount of time from the top surface only.light-activatedcieeantseincluding Thethe dark under 100% rel-quatz-ungtenhalge(QTH), Light-Emitting Diode ative humidity and 3700 for one hour. Four Knoop
rEr plasma arc and laser units. There have been Hardness readings were made at least 1 mm from thereports on the impact of LED light-activation units on edge of each top and bottom surface after an indenterthe polymerization of restorative resin composites deltm f1 eod n odo ihr1 r2
(Besnault & others, 2003; Price &.tes20;Uh dwell time of .15 seconds and a load of either 10 or 25(Besaul & thes, 003 Prce . others, 2003; Uihl, grams (MACC0 Hardness 'Tester, LECO Corp, St Joseph,
Sigusch & Jandt, 2004). Higher degrees of conversion grms (M)400 Krn rato was cculat foseph
a resin system provide increased mechanical properties sm, USA). A sur IN ratio was calculated for each
that, in turn, should provide increased longevity of the specimen. op surface and Bt tIi means were deter-
restoration. Ferracane (1985) demonstrated that Knoop m ed for each group (n=5). Statistical analysis was

Harnes Nmbes (HN prdic te rlatvedegee performed using one-way ANOVA and Student-Hardness Numbers (KEN) predict the relative degree Newman-Hauls Post-hoc tests (a=-0.05) for each materialof conversion for a specific resin under variable condi- each of the three testing conditions. The independent
tions. Because the impact of the light souirce on the ineahotetretsincndin.Teidpnet
d. slant sere imacnvsof te lisrell on this variable was the light-curing unit. In addition, a linearsealants degree of conversion is less well krnown, this - rgeso olwdb nAOAfrtergeso
study investigated this relationship .using bottom/top rersi ed for h tegresion

- KH raios(Bfl KH). he hpotesi tesed as hat was: perfoimed for each materiaLii1 each testing condi-
B KEN for light-activated pit & fissure sealants is not tion ! (
affected by the lightc g unit used RESULTS

. -METHODS-AND MARIA The BT KEN ratios are.given in Tables3, 4, azd
Fire 1,2ari 3-Ucir showed noi significant difference -Nine differefit -light curing units (Table 1) were used. igure Tand when cing n or 20 cs fr?

Irradiance forthe activation lights was iusing between lightsom0 seconds T fr20swhn or2
a USB2000 pectrometer with a FOIS-i integratingh wefe s

-V --- - S-T

V)AITl~Crle~pi~l;'~-i .~ :s.

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



-- EIatt,.cla&&4v-ooraoul4tSeaanswth{LEa~. 
. .. s 767

Tal3: mpK N V eticlM2hs with the Same Letter 2mm for 20 seconds,Are Not Significantly Different (n-5). although the. differ-Curing Units Ucir (ad) Uopq (ad) . Kir (ad) Kopq (ad) ences appear to be
HL . 1.05 (0.04)a 0.98 (0.09)a 0.96 (o.06)a 0.87 (0.09)a related to the brand of
OP 0.96 (0.07)a 0.92 (0.08)a 0.90 (o04)ab 0.87 (0.07)a curing unit and were

1.00 (0.03A 0.91 (0.07)a 0.84 (0.04)ab 0.72 (0.09)ab not related to the use
AM 0.88 (0.16)a 0.94 (0.06)a 0.99 (0.03)ab 0.77 (0.15)ab of QTH .versus LED.

AL 1.03 (0.04)a 0.93 (0.09)a 0.99 (0.09)a 0.96 (0.05)a Uopq, Kelr and Kopq
L5 0.92 (0.13)a 0.9 (0.06)a 0.9 (0.08)a 0.9 (0.0)a showed significant dif-ULS 0.20.1) .95 (0.06)a 0.79 (0.08)b. 0.73 (0.10)ab ferenceS for all CuringUL . 0.0.89 (0.25)b 0.89 (012)ab 0.31 (0.39) d conditi fons that were

FL 0.97 (0.17)a . 0.84 (0.02)a 0.95 (0.03)a . 0.57 (0.05) bc dependent upon theVX . 0.96 (0.02)a 0.57 (0.05)b 0.92 (0.13)ab : . 0.37 (0.08) cd brand of light used.

The top KHN valuesTable 4: 2-mm Thick-20 Second Cure Bottom/Top KHN Vertical Means with the Same Letters are given in Tables 6, 7
Are Not Significantly Differeit (n=5) and 8 and Figures 3, 4

Curing Units Ucir (sd) Uopq (ad) Kcir (sd) Kopq (sd) and 5.. There were dif-
HL 1.01 (0.07)ab 0.82 (0.18)ab 0.83 (0.08)a . 0.40 (0.19)ab ferences for all materi-
OP 0.96 (0.11)abc 0.77 (0.12)ab 0.81 (0.06)a 0.16 (0.12) bc als dependent upon
AS 0.95 (0.05)abc 0.62 (0.08) b 0.69 (0.12)a 0.25 (0.02) bc the light-curing unit
DM 1.14 (0.28)a 0.87 (0.05)a 0.92 (0.12)a 0.52 (0.20)a useito activate the
AL 0.87 (0.13)abc 0.82 (0.04)ab 0.86 (0.09)a 0.06 (0.06) c

ULS 0.95 (0.10)abc 0.62 (0.06) b 0.69 (0.07)a 0.38 (0.12)ab The results of the lin-
UL 0.89 (0.13)abo 0.66 (0.02) b 0.ear regression are pro-
FL 0.78 (0.10) bc 0.43 (0.11) c 0.3 (0.36)a 0.1 bc vided in Table 9. The
VX 0.71 (0.22) c 0.20(0.19) d 0.8 (0.2)b 0.1(0.1) b predicted required

power density for each
material to produce a

table 5: 2-mm Thick-40 Second Cure: Bottom/Top KHN. Vertical Means with the Same Letters B/T KHN of 0.80 is
Are Not Significantly Different (n=5) included.

Curing Units Ucir (sd) Uopq (sd) KeIr (sd) Kopq (sd) DISCUSSIONHL 1.04 (0.06)a 0.88 (0.08)a 0.81 (0.05) c 0.59 (0.0s)ab Currently, ANSI/ADA
OP 0.97 (0.06)a 0.87 (0.12)a 0.88 (0.08) be 0.59 (0.06)ab Spe n ANS it
As 0.98 (0.06)a 0.81 (0.09)a - 0.77 (0.05) c . 0.41 (010)ab Specification 39 for Pit

DM 0.93 (o.o4)a 0.93 (0.07)a 0.98 (0.06)ab 0.65 (0.1 1)a (1992) requires a 0.75-
AL 0.88 (0.27)a 0.95 (o.05)a 1.00 (0.05)a 0.45 (0.35)ab dept sa
UL5 0.87 (0.12)a 0.78 (0.12)a 0.77 (0.06) c 0.64 (0.07)a determined by wipingUL 1.01 (0.03)a 0.79 (0.10)a 0.84 (0.11) c 0.50 (0.16)ab the bottom surface
FL 0.83 (0.14)a 0.57 (0.06) b 0.80 (0.09) c 0.31 (0.04) b after polymerizing.

VX 0.84 (0.07)a 0.24 (0.10) c 0.81 (0.05) c . 0.31 (0.07) b ISO Specification 6874
(1988) requires a 1.5-
mm depth of cure.Table 6: 1-mm Thick-20 Second Cure: Top KHN. Vertical Means with the Same Letters Are Not Although many areasSignifi ly Different (n=5) of sealants would fallCuring Units Ucir (ad) Uopq (ad) Kcir (sd) Kopq (ad) within these thickness

HL 29.9 (2.0)ab 27.6.(1.9) be 17.9 (0.4))a requirements, a pilot
OP 30.9 (0.9)a 29.4 (1.0)ab -17.4 (0.7)a 17.9 (0.7)a study indicated that
AS 31.7 (1.0)a 29.4 (1.8)ab 18.8 (0.1)a 18.3 (0.6)a .a areasgreater than. 2

min m thickness were -. ,DM .. 29.3 (3.2)ab 26.8 (1.2) be 14.1r(0.6) b .14.0 (1.0). b o inl presen werAL :7. 28.8 (6)ab 26.8(1.8) b .. 14.5 (1:1) b 14.3 (1.2) b moly preent C ivey
. UL. 316 (1.3):- 30.6 (1.7)a .17.9 (1.0)a 17.5 (0.0 - ad

(0Sl Johnson. and 'HoperUt.... - 28.3 (2.3)ab :' 27.5(1.9)b 7 .> 43.21e 14.9(0.9):b .(Q )supre. L(2004). Supporteo .hiFLY- - 28.22..11.7)b . .finding Though ms t
VX 214 (21)239(15) d t .99(25)c. 104(10) cJ_______ (.~-.,-________ -1. fls'surea have -signiflt>~.

7 - 7 7 - - . .....

-' ' I . ; 4 . ' .
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cant portions that Table 7: 2-mm Thick-20 Second Cure: Top KHN. Vertical Means with the Same Letters Are Notresult in thin areas of Significantly Different (n=5) Are Not .
sealant, inadequate
cure of the thicker Curing Units Ucir (ad) Uopq (ad) . Kcir (ad) Kopq (ad)

areas may be associat HL 30.2 (1.1)a 28.7 (1.8)abc 18.2 (0.3)a 16.8 (0.5) b

ed with partial sealant OP 31.0 (2.1)a 28.5 (2.7)abe 17.8 (1.1)a 17.6 (1.0)ab
loss and failure of the AS 31.3 (0.9)a 30.4 (1.5)a 19.0 (1.6)a 18.5 (0.4)a
preventive therapy or . DM 25.0 (5.2) bc 26.2 (2.3) bc . 14.1 (0.8) b 13.6 (0.9) c
restoration. Therefore, AL 28.9 (2.5)a 25.6 (2.5) c 14.8 (0.7) b 13.8 (0.7) c
2-mm thick specimens ULS 30.6 o.9)a 30.0 (I.1)ab 19.0 (0.4)a 17.6 (0.4)ab
were used in this UL . 27.8 (1.4)ab 28.0 (2.9)abc 13.9 (0.5) b 14.1 0. c
study. FL 27.0 (o.5)ab 26.7 (0.6)abc 12.2 (0.9) c 14.3 (1.9) c

A BT KHN ratio of \ X 22.2(1.9) c 24.8 (1.5) 9.1 (0.7) d 11.4(0.8) d
0.80 has been used to
identif an acceptable Table 8: 2-mm Thick--40 Second Cure Top KHN. Vertical Means with the Same Letters Are Notlevel of conversion mn Significantly Different (n=5)
resin-matrix systems Curing Units Ucir (ad) Uopq (ad)
(Pilo & Cardash, 1992; .L . uiguie .ues)up s)Kcir (sd) Kopq (sd)
Shortall & Harrington, HL 30.0 (2.4)ab 28.8 (1.0)ab 18.3 (0.4)ab 18.4 (0.6)a
1996; Yap & OP 30.5 (1.4)ab 29.4 (2.0)ab 17.7 (2.2) b 18.3 (0.8)a.
Seneviratne, 2001). As 33.0 (1.1)a 31.6 (0.9)a 19.8 (0.3)a 18.6 (0.3)a
Only Uclr met this oM 28.8 (1.1) b 27.0 (2.5) bc 15.8 (1.1) c 14.0 (1.0) c
requirement with all of AL 28.1 (2.1) b 29.0 (0.8)ab 14.7 (0.6) c 14.1 (0.4) c
the lights when curing ULS 32.1 (1.4)a 29.5 (2.0)ab 19.2 (O.7)ab 18.4 (0.6)a
1 mm for 20 seconds UL 30.1 (1.6)ab 28.2 (2.4) bc 14.6 (1.0) c 15.8 (0.9) band 2 mm for 40 sec- FL 28.0 (2.5) b 27.7(0.7) bc 14.1 (1.3) c 14.0 (0.6) c
onds. No material con- 28.0(1.5) c 27.4(0.7) 0 11 d (0.6) c
sistently reached this VX 25.4 (1.4) c 25.4 (1.5) c 11.5(0.7) d 13.7 (1.4) c

level when curing 2
mm for 20 seconds. It
should be noted that 2mm 40 sec.
the times tested were
not necessarily . those .1.4

recommended by the 1.4
manufacturers. HL
However, the results -1.2 - op
support activation, Z A5
with QTH or LED X DM
units being most predi- !4 1.0 - ALcable when accom-
plished, for 40 seconds. 0.8 UL

All but one of the test 2
conditions demonstrat- FL
ed the presence of LED 0.6
and QTH lights in the
same statistical Z 0.4
groups. In the 2-mm 0
thickness-40.. seconds
Kcbr.group, the LED 0.2
AL provided the high-
est B/ IN.This pro-- 0
vides evidence- that -
current LED light cur Uo
mg umts are capable of
iniatin g pl en -tion of these i

maex s F, ue:-nfc-z. Seon cue boft (4

-Er . t A' - g-
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20 sec The power density
produced by a .light-

. curing unit is one fac-35 tor that influences the
HL monomer conversion in

30 :pmethaciylate resin sys-
tems.. Five of the six

AS opaque material groups
DM in this study exhibited25-I 
AL at least modest correla-
ULS tion between the hard-S 2Uness 

ratios and power
X density The fact that

FL the correlation for the
0 15- VX clear materials was

quite low would indi-
cate that other factors10 may be more impor-
tant in influencing the
polymerization of these5 
materials.

Another important
0 factor in the polymer-

ization process is theUMir Uopq KcIr Kopq spectrum of light out-
put as it relates to theFigure 4: 1-mnm thick-20 second cure: top KHN. (n=5) absorption of the pho-
toinitiator/s of the
resin. A camphoro-

2mm 20 sec. i o holy m
tion in the Kelr and

35 Kopq materials. The
Uclr and Uopq materi-M HL - als also contain a sec-30 a ond proprietary initia-

lM A5 tor. This may account
25 - DM for some of the appar-

AL ent differences noted
CZULS between materials,

20 particularly with the
UltraLume 5 light,FL which contains a sec-o 15 VX ond diode with an
intensity peak at

( -approximately 410 nm
likely activating the
proprietary. initiator.

5~ However, this study
did.not pursue a com-

.pKparison between mate-

U-cle U t Kcir It seems apparent
that the opaque mate-
na were more diffi: 2&mm tndc-20 second cu rep KH-IN (=5) cult polymerize in

ii t-~ - -', * t ~ . kA -~* -- , *~ +'~%

4.-39
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light-curing unit to2mm 40 sec. overcome this concern.

35- .CONCLUSIONS
The ability to initiate

3 HL polymerization. of
30 a OP resin-matrix pit & fis-

mil AS sure sealants was
25- I MI dependent upon the

25M AL light-curing unit used.
2I ULS Differences were not
20 Irelated to the energy

source being QTH or
LED. Under the condi-

15 VX tions of this study,12
clear light-activated

10 .resin-matrix sealants
are more predictable
than opaque materials

5 -when light exposure
may be compromised.
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Figure 6: 2-mm thik-40 second cure: top KHN. (n-5)
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Table 9: Linear Regression Analysis of Testing Condition Versus Power Density (r2 reported), 2004)
Analysis of Variance of the Regression (p-value reported) and Power Density Predicted Referencesby the Regression to Obtain a BIT KHN of 0.80 (reported as PD)

1 mnm - 20 seconds 2 mm - 20 seconds 2 nm - 40 seconds ANSI/ADA Specification

Uck r2-0.1 =.8 No 39 (1992) Pit and fis.0.018 r=0.387 r2=0.333 sure sealants Americanp=0.733 =.O74 p O.104 Dental Association
PD=513.034 PD=468.409 PD 537.465 C o, so n

Uopq - (=0.527 -r<0.787 . #=0.777 hsagt, a e
.027- p=0.001* p=0.002. Besnault C, Pradelle-

PD=l547.378 PD=820.649 PD=685.006 Plasse N, Picard B &
KcIr r'=0.010 r'=0.298 r-=0.137 Colon P (2003) Effect of a

p=0.874 P=0.128 p=0.327 LED versus halogen light
P0=568 7 PD=710.138 PD=457.754 cure polymerization on

Kopq #=0.65 P=0.24 P=0.54 the curing characteristicsp -0.0 p=0.024 0.546 of three composite resinspD0.51.4 P=0.693 P=0.021 American Journal ofPD-751.116 PD=799.574 P 129.919 Dentistry 16(5) 323-328.

general. This could have significanit clinical implica- Covey DA, Johnson WW &
tons. The 2-m 20-second group provides some indica- Hopper LR (2004) Penetration of various pit and fissure
tions ofThat -n h d- sealants into occlusal grooves Journal of Dental Researrtion of what might occur in any area of compromised 83(Special Issue A) Abstract 3471.
light access. Cusp.tips increasing the distance between ISO 6874 (1988): De rnjn-b pit and flisre sealants

the urig wnd iid he ealnt urfa an paiens Iter-national Standards Organization Gehevi, Switzerland,,
wit:lme r:@ ,% e..- d n da tG ealwih iiie oein oudbalnge salant poly'mer- I jj.aani& (198,5 Correlation between hard nad degree of.ization. It should b -expected that most light Ferrace Jdu8 the setin eaction of nfilled dental
units.would ti perform aidequately with opaquee
sealants m these sittiationis The results of-this tud 'itc"J (1986) Theeffectoftlucless andshadonthe poly
support the 'use of a dear light activated aa nt Kmeati (9o light activaed posoenfhri compositehres
chemichlly-activated sealat or prolongd curing tm Q a 11

opaque lh-actate

'lgt d-2"4- selit *ih-'g 61r: O
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The Effect of Composite Type
on Microhardness When Using
Quartz-tungsten-halogen (TH)

or LED Lights
AR Peris * FHO Mitsui * CM Amaral

GMB Ambrosano * LAF Pimenta

Clinical Relevance

Resin composite surface microhardness is affected by the selection of different LCUs,
with some LEDs providing similar performance to the QTH source. However, results
vary greatly with composite brand and type (microhybrid and microfill).

JMMARY light (QTH). Ten experimental groups with 10
This study evaluates the Knoop microhardness of specimens each were used. The specimens were
resin composites cured with different light-emit- prepared by placing two light-cured resin com-
ting diode (LED) based light curing units (LCU) posites with similar VITA shade A2-microhybrid
or with a conventional quartz-tungsten-halogen Filtek Z250/3M ESPE and microfill Durafil

VS/Heiraeus Kulzer-in a 2.0 mm-thick disc
shaped mold. The specimens were polymerized

Alessandra Rezende Peris, DDS,: MS, graduate student of for 40 seconds with the use of one QTH LCU
Doctoral Program, Department of Restorative Dentistry, (Optilux 501/Kerr-Demetron) and four LEDUniversity of Campinas School of Dentistry of Piraciaba, Sao
Paulo, Bral LCUs: Elipar Freeight Cordless LED (3M

ESPE), Ultrablue I LED with cord (DMC),Fabio Hiroyuli Ogata Mitsui, DDS, MS, graduate student of Ultrablue III LED cordless (DMC) and LEC 4701Doctoral Program, Department of Restorative Dentistry
University of Campinas, School of Dentistry of Piraciaba, Sao (me Opti). Knoop microhardness was deter-
Paulo, Brazil mined at the top and bottom surfaces of the spec-

Cristiane Mariote Amaral, DDS, MS, PhD, assistant professor of imens 24 hours folowing curing. Microhardness
the . Dental Research and Graduate Studies Division, values in the microhybrid resin composite group
Department of Restorative Dentiatrs Guarulhos University, showed no statistically significant differences
Guarulhos-SP, Brazil when cured with LED FreeLght I LCU and QTH

-Glducia Maria BoviAmbrosano lMiS, PhD, asistant irofessor o t- LCU (p<0.05). The other LED devices evaluated in
Biostatistics, ComunityDentistUnivemityo Ca itius the study presiented lowe microhardness values -

-both suarf Le (jb5 hn compar to6THSchoolkof Dentistry of PiraciabagSaoPaulo, Brazil inbt urae pO.5 hncoprdt
" L And enPiieta DD9 M PhD, full profes ofT * the inerofi ream composite group, no statis-
Restorative Dentist, 1Depatomentof Restorative Dei$fr - tically ignificant :differences were observed
Univerity <if Caipinas, School of Denti of PiaaSan r nong all Os evaluate on the abottom sirface

ePauio ieqe Av Limera90 PO Box5,BK

~*print reus Av Lier,90l P Bo 52, en mn,~,sne h nhs~l aus n h E
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pared with KIEN values relative. to each other these materials (Ferracane, 1993; Bayne, Heymann &(p<0.05). .. Swift Jr, 1994). Microhardness is a typical parameter
.for indicating the degree of polymerization of resin com-

.O.Nposites (Ferracane, 1985). However, adequate surface
Light-cured resin composites were introduced into the hardness does not ensure .proper .polymerization
market in the 1970s. The early products were cured by throughout the restoration (Asmussen, 1982). Thus,-
IV light, while the later versions by visible light hardness analysis must also be performed on the bottom.(Rueggeberg, 2002). A halogen lamp is routinely used .surface-ofthe specimens, since insufficient polymeriza-
as a dental light activation unit. These lamps produce tion of this area may increase the risk of bulk and mar-
light by incandescence, where &filazient is heated and ginal fracture (Quance & others, 2001). Other possible
causes the excitation of atoms over a wide range of complications associated with the inadequate curing of
energy levels, producing a very broad spectrum of light -resin composites include-secondary.caries and adverse
(Fujibayashi & others, 1998). Filters are therefore tissue reactions (Shortall, Wilson & Harrington, 1995).
needed to restrict the emitted light to-the blue region of These factors could highly contribute to an early failure
the spectrum for the polymerization of resin composites of the restorative procedure (Blankenau & others,

. (Rueggeberg, 2002).. However, halogen based light: 1991; Ferracane, 1993).
curiiig units (LCU) used to polynierize dental material, Several methodologies have ben proposed in order tohave seveial drawbacks (Yoon & others, 2002). Some evaluate the polymerization of light curing units. Yearn
examples include overheating of the icandescent lamp (1985) has presented a review on the three main methods
(Fujibayashi & others, 1998), limited effective lifetime for evaluating resin composite curing depth: scrape
(approximately 40-LOOh) of the halogen bulbs test, hardness test (Barcol, sickers and Knoop) and
(Rueggeberg &others, 1996; Jandt & others, 2000; degree of conversion (Multiple Internal Reflection spec-Stahl & others, 2000) and degradation of internal corn- troscopy and Laser Raman spectroscopy). The authorponents over time (bulb, reflector, filter) due to the high concluded that the hardness test provides a convenientoperating temperatures and large quantity of heat pro- and efficient method for evaluating curing depth.duced during duty cycles (Mills, Jandt & Ashworth,
1999; Jandt & others, 2000). It has also. been shown A composite material has been defined as a "three-
that many halogen LCUs do not reach the minimum dimensional" combination of at least two chemically
power output specified by the manufacturers (Barghi, different materials with a distinct interface separating
Berry & Hatton, 1994; Martin, 1998; Miyazaki & oth- the components (Peutzfeldt, 1997). Dental resin com-
ers, 1998; Mills & others, 1999; Jandt & others, 2000; posites usually encompass three main components: 1)
Stahl & others, 2000). These shortcomings could result resin matrix, 2) inorganic fillers and 3) coupling agents
in inadequate curing, which could negatively affect (Peutzfeldt, 1997). The amount and size of filler parti-
restoration prognosis (Mils & others, 1999; Jandt & cles incorporated in the resin matrix determine the
others, 2000; Stahl & others, 2000). type, and ultimately, the most advantageous clinical

application of each composite (Wakefield & Kofford,To overcome the problems inherent with halogen 2001). Early materials incorporated large groundLCU, solid-state light-emitting diode (LED) technology quartz particles which resulted in rough surfaces that
hmas b pr f cr g lghtavat dn were difficult to polish (Rueggeberg, 2002). Due to thematerials (Mills, 1995). Rather than a hot filament, as miodification of fillers to extremely small particles,
used in halogen lamps, LED use junctions of doped microfill composites have been developed (Rueggeberg,semiconductor (p-n junctions) to generate blue light 2002). These materials usually consist of silica particles(Nakamura, Mukai & Sengh, 1994; Haitz, Craford & with 0.01-0.1 pm (Wakefield & Kofford, 2001). In gen-Weissman, 1995; Kurachi & others, 2001). These julnc- eral, microfill composites have the advantage pf hightions are partially collimated by a small. polymer lens polish, which lasts, in addition to excellent esthetics
positioned in front of the p-n junctions (Jandt & others, (Wakefield & Kofford, 2001).2000; Stahl & others, 2000). LEDs operate around 470.

nm, which falls conveniently withihl the cam- - Microhybrid composites are a combination of microfill
phorquinone absorption speirun (Mills & others, adliger filler- particles The mai drawback of this -1999; Jaiidt & others, 2000; Stahl othrs 2000 groupas.demined bylarr particle size, is thedi
LEDspresen; spectral pitTi long-term maiitennceu ofg u high poishs-rsn ae prtyfrYefficient ,fut i~n-emmi. cuiring of detalresins. MoieoveIlls havean efec akfield& Koford, 2001). .The advantages of these
tive lifetime of o16re than 10,000hoiirshnd do not .Sv;mateiak arb strength, higierdenit fill (75% to 809'oy by,pete~sigc~ant legidatiolof :eiiissid oe tweikht)iaid a -widet adarray obacities andti li(Hiitz &itheiriiS1994761 12000). 2 translucencies that are importa when consideiingSe1995; - - -Fi-: -. Trntiof fid eshe icsuih ii Fior (Wakefield 9

.adeqtite curing of ream composites may influence 001)tmchanical properties and chnical'optimization of
14 0 , t It-o
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Therefore, due to the increasing Table 1: Restorative Materials Used in This Study
se of resin composites in daily .l .k Z250 Durafll VS

practice and the availability of Manufactu-- 3M ESPE Dental ProHrai v
different light curing devices in . c Cal n SAtraeus KuIzer Inc
the dental market; this study BatchP# ul - Arnk, NY USA

evaluated the efflicacy of polymer- Classification 0 2M0cmhyb1dc
ization: of two -resin .composites shade.Micro.ybrid Microng

cured with four. LED azid'on ^2.Sad

QTH.LCUs at two depths. Type of filler- Zlmon/silica Highly dispoise silicon dioxide
Filler particle size (p)n) -0.01-3.5

The research hypothesis.tested Pre-Polymeried Particles 0 02.0plinter polymer (1-20 urn)
was that there is no difference- --l-eSpointerpolymerl(10-20Upm)o-
between the light-curing units Filler loading .6.oe .- amooUnknown
(LED or QTH) for the Knoo Photoinitatr systemuinone Camphoroquinon
microhardness of resin compos-.

gites (microhybrid or inicrofilled). obtained were converted into a Knoop Hardness
Number (KHN) and the average was calculated

METHODS AND MATERIALS -nii vrg wscc e.
Statistical analysis was performed by three-way

Specimens were prepared with microhybrid Filtek Z250 analysis of variance (ANOVA) with split-plot at a.sig-(3M ESPE Dental Products, St Paul, MN, USA) and nificance level of u=5%. The plots were represented bymicrofill Durafil VS (Heraeus Kulzer Inc, Armonk, NY, factors LCU and resin composite, and sub-plots wereUSA) resin composites (Table 1). The four light-curing represented by factor surface (top and bottom). Tukeyunits (LCU), based on blue LED technology with a dif- test was applied when significant differences were
ferent number of LEDs and the quartz-tungsten- detected by ANOVA (a=5o/.halogen (QTH) light LCU, are presented below:

* FreeLight 1 LED (3M ESPE Dental Products) . RESULTS
* Ultrablue II corded LED (DMC Equipamentos, Sao The results showed statistically significant differences

Carlos, SP Brazil); between the LCUs (p=0.00001), resin composites
(p=0.00001) and depths (p=0.00001) evaluated. It also* Ultrablue III cordless LED (DMC Equipamentos) verified a significant interaction among LOU vs resin

* LEC 470 I (MM Optics, Sao Carlos, SP, Brazil) composites vs depths (p=0.00148).
* Optilux 501 (Kerr Dentistry/Demetron, Orange, CA, Mean hardness values and standard deviations (SDs)
USA) at top and bottom depths for each resin composite and

Specimens were prepared at random by placing a the LCUs are shown in Table 2. Analyzing the bottom
single increment of resin composite in a cylindrical surface of the microhybrid resin composite group, the
metallic mold (4.0 mm in diameter and 2.0 mm in FreeLight 1 LED LCU was the only device that pre-
height). The mold was then positioned over a polyester sented no statistically significant difference when com-
strip fixed oldawasatsenlpositioned oven insertionr pared with QTH LCU (LED-53.1 - 6.5A, QTH LCU-57.7stripcfid on a glass plaque. Alter resin insertion, a ± 4.2^). In addition, there was no statistically signifi-second polyester strip was placed on the top of the mold, cant difference between Ultrablue I corded LED LCU
surfaces, a glass lamina with a 5g weight was laid on (46.9 t 5.40) and Ultrablue III cordless LED LCU (48.45
the top polyester strip for 30 seconds. Light curing was -e 2.5o fAlso, LEC 470 I LED LOU presented the lowest
performed by touching the LCU guide on the top poly- values of KHN (40.4 t 11.5). However, for the microfill
ester strip for 40 seconds. The power output of the light group, no statistically significant difference was found
sources was measured by the use of a radiometer aattached to the Optilux 501 LCU to verify whether they - n the top surface of the microhybrid group

(n=10) were prepared accotpding to the resin cinposite significant erenc when compared to QTH LOU
and LU that was applied. - (LED-571± 3?7, QTH LCU-601 ± 6.5^). In additido no

The specimens. Were stored indistilled wat&r i tatistical diffeitice was observed between Ultrablie I'
lihght-roof container fir24 hours and nicrohardness cd LD (51.2 165.2) and Ultrablue III a rdl iswas-dte-miLcroidess steED LOU (53.21- t483). Ii.the microfill group, T( uhwas detemioed by ;aJMaan Mi r d LOU presented the highest values of KHN.(Fuiture-Tbch: CO-p;'%Lbkyo, Japn at-oadn~ gopng- vle tth o n

: measfurements rere peffor 1ed by-apply a log, Ppw hdessvl at l
10 seconds at five Points, 1 m apart on th a eci bottoz surfaces, it wasverified that the top surfrce.of

ens top and bottom surface Te five measurementh c nd ream presented the highest N
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values. However, when the microhybrid resin was also evaluated the microhardness of Filtek Z250 micro-
cured by QTH lamp, no statistically significant differ- hybrid resin cured with QTH (800mW/cm' for 40 sec-
ence could be noted between the two surfaces. As for the onds) and LED (320mW/cm. for 40 seconds). These
microfill group, no .statistically significant difference authors observed no statistically significant differences
was observed between the two surfaces for all LED between these two light sources, which is in agreem6nt
devices. Nevertheless, KHN values fr QTH LCU on with the results of this study.
the bottom surface were lower (16.46 1.1 ) than the . The remaining LED-based LCUs evaluated in this
top surface valuies (25.1 ±- 2.41). ... study showed lower hardness values when compared

C iON .. with QTH LCU (Table. 2). Some authors report that
DISCUSSION1 -LED-based LUs have a narrow spectral range, with a

By analyzing the data obtained in this study, it could be peak around 470 nm, which matches the optimum
verified that the research hypotheses tested in this absorption wavelength for the activation of the cam-
study were rejected. phorquinone photoinitiator (Jandt & others, 2000; Ubl

The microhybridresin composite presented the highest & others, 2004a; Uhl, Sigusch & Jandt,. 2004b; Bennett

IIN values (Table 2) regardless of the light source & Watts, 2004). This study did not evaluate the wave-

(QTH-or LEDs) or surface (top or bottom). The size and length of the LCUs. However, it was verified that both

content of filling particles in the organic matrix of Ultrablue LED LCUs presented low power output of

microhybrid resin composites might have accounted for 130 mW/cm2 (15% of QTH intensity) and LEC 4701

the highest KHN values reported (Ruyter & Oysad, LED LCU presented 91 mW/cm (14% of the QTH

1982; Pilo & Cardash, 1992; Rueggeberg & others, power output). Thus, the low light intensity presented

1993). by both Ultrablue LED LCUs and LEC 4701 LED LCU
could explain these results. Other studies have also

The polymerization of microhybrid resin composite shown that LED LCUs with relatively low irradiance
with FreeLight 1 LED LCU resulted in similar micro- sold on the market may result in insufficiently cured
hardness values when compared to QTH LCU (Table composites and, therefore, inferior mechanical proper-
2). Although LED LOU presents a 32% smaller light ties of the restorations (Hofnann & others, 2002; Uhl &
intensity (282 mW/cm') than QTH LCU (866 mW/cm'), others, 2002; Mills, Uhl & Jandt, 2002).
an adequate polymerization of microhybrid could be o ter 202 Ml i & Jd 2002).
verified in the current investigation. A possible expla- An alternative way to improve LED-based LCUs curing
nation for these results may be the fact that LED LCUs effectiveness could be to increase the light exposure

present a specific pattern of light emission, which is time during polymerization (Leonard & others, 2002;
similar to the absorption spectrum of the cam- Kurachi & others, 2001). However, this could result in

phorquinone photoinitiator of resin composites (Mills & a longer clinical restorative procedure. Thus, the use of

others, 1999; Jandt & others, 2000; Stahl & others, argon laser and plasma arc based LCUs could be sug-
2000). This spectral purity allows total usage of the gested, since these devices are capable of curing dental

emitted light by LED, which does not happen with composites in a shorter period of time (Vargas, Cobb &

QTH (Whitters; Girkin & Carey, 1999; Althoff & Schmidt, 1998; Hasegawa & others, 2001). Recently,
Hartung, 2000). Hofmann, Hugo and Klaiber (2002) new LEDs, so-called second generation LEDs, were

Table 2: Mean Hardness Values and Standard Deviations (SD) at Top and Bottorr Surfaces for Each Resin Composite and
LCUs Evaluated by the Tukey's Test (p<0.05)

Resin Composites LCUs Top Surface Bottom Surface Surface Hardness
Ratio

Mean SD Mean SD

- FreeLight 1 57.1 3.7 53.1 6.5 0.92

Ultrablue II Corded 51.2 . 46.9 . 54 0.91

Microhybrid Ultrablue lIICordless 53.2 48 48.5 2.5.. 0.91

LEC4701 49.7 110 40.4 11.9 0.81

... Opbltuxi01 601 85 57-7 42 0.95

eebgt 16.4- 5 14.9 1 0.90

Ultrablue llCorded 149" 8 128. 12 0.85

Mcofl Ultrablue Ill Cordless 14.9 1 134 1.2 089

LtC 470 1 14.1 16 12.3 17 0.87

OptisouxSol .25 2.4 164 11 0.65
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introduced to the market-and will-be used in several observed at the top. surface for this type of unit, which
'SED LCUs. These single InGaN LEDs consist of multi- contributed to reducing this ratio..
,l6 emitters on the same substrate. The new prototype According to the methodology proposed by this inve-
achieved a higher irradiance and depth of cure than the tigationi, it can -be concluded that the microhardness of
QTH LOU, which indicates that the new LED may lead~ resin composites vary according to the type of resin
to enhanced mechanical properties of composites (Uhl (mycrohybrid and microfil), the light ring unit and
& others, 2004). On.the other hand,.this might lead to .the depth at which hardness is measured. However,
highertemperatures within the restoration (Uhl, Mills frther investigation is necessarito verify the perform-
&.Jandt, 2003), because of its high power output. ance of LED based LCUs in cavities deeper than 2.0

Comparing the microhardness performed on the top mm, such as clinical in-depth Class I cavities.
and bottom.surfaces, the microhybrid resin showed al
hardness reduction on the opposite surface from the CONCLUSIONS
light exposure (bottom surface) for all LED LCUs eval- Within the limitations of this study, the authors con-
uated (Table 2). These results indicate that the curing clude:
degree decreases as a function of depth, as demon- 1. For the micmhybrid composite, Freelight 1 was
strated previously by other studies (Hansen & the only LED light providing equivalent bard-
Asmussen, 1993; Kurachi & others, 2001). However, th o fromiaiconetial h
when the QTH device was evaluated, no statistically light.
significant difference was found between these two sur light
faces. According to Leonard and others (2001), the min- 2. For the microfill composite, all LED lights
imum required irradiance of a halogen lamp for proper provided similar performance, while the QTH
polymerization of a 2.0 mm-thick microhybrid resin provided the hardest surfaces.
composite is 300 mW/cmi. However, the halogen light 3. The microhardness of resin composites vary
Optilux 501 used in this study has a high irradiance according to the type of resin (mycrohybrid
level (866 mW/cm2 ), which could explain the previous and microfill), the light curing unit and the
results. depth at which hardness is measured.

The QTH resulted in the greatest hardness mean
value (25.17) on the top surfaces of the microfill resin (Receiued 10 June 2004)
group. This could be due to the high intensity of the
halogen light emitted on this surface (866 mW/cm). References
However, when evaluating the bottom surfaces, no sta-. AlthoffO & Hartung M (2000)Advances in light curingAmerican
.tistically significant.differences were found among the. Journal of Dentistry 13(Spec No) 77D-81D. Review.
groups cured with LED and QTH. It is thought that Asmussen E (1982) Restorative resins: Hardness and strength vs
microfill resin based composites are more difficult to quantity of remaining double bonds Scandinavian Journal of
cure, because their small filler.particles cause-light to Dental Research.90(6) 484-489.
scatter, decreasing the effectiveness of the curing light Barghi N, Berry T & Hatton C (1994) Evaluating intensity out-
(Nomoto, Uchida & Hirasawa, 1994; Kawaguchi, put of curing lights in. private dental offices Journal of the
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at the bottom surfaces of the microfill resin, regardless composite restorations Journal of the American Dental
of the light source. Association 125(6) 687-701.

Yap and Severante (2001) and Yap, Sob and Siow Bennett AW & Watts DC (2004) Performance of two blue light-
(2002) suggested a bottom/top surface hardness ratio to emitting-diode dental light curing units with distance and irra-

diation-timne Dental Materials 20(1) 72-79.verify the efficiency of cure in deep surfaces whei com-
pared to the surfaces located closest to the light sources. Blankenau RJ, Keksey WP, Powell GL, Shearer GO, Barkmeier
Theoretically, the hardness of the cured resin composite- WW & Cavel WT (1991) Degree of composite resin polymeriza-
at the bottom surface hasto present 80% (0.80) of the tion with visible light and argon laser Journal of the American

hardness at the top surface. In this study, for the microD
hybrid resin composite, it was observed that all LCUS Council on Dental Materials, Instruments, and Equipment
tested reached ratios of more tan 0.80; however for Vible light-cured sites an ctivating units Journal Of.tesed eaced atio ofmbi' tan-0.86 hoe~e , to the American Dental Association 1985 110(1) 100-102.
the microfill resin composite, the surface hardness ratioL9tn

bottilitop resntedli alueof065,-whih wa lorer Fercn JL (1985) Correlatioin between hardness and degree of
- conversion during ithe setting reaction of unfilled dental

than that considered the minium,when the QTH xt isoav r sid Denal Materialsl(1) 11-14
was used (Table 2) This lower value can suggest that
this QTH device wasnot'effcient, though it is iipr- .
tant to observe the highest microbardness values wer
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ADVAlNCES IN DENTAL PRODUCTS

LBackground Recnt tec nological
Rdvtines have3 esurlted i t mkid etin of.

high poweredo HP, baPtteryoperated-
.1 ight emitting d odeorLEDdental tcuringturform a~nrce of . lights. The a-uthors examineithe cunngefi-

cuigperfrermaTce ivciency andpeak polymerization tem peram-,
fitre,tor Ty ofi i ,HP I ED ci ring lighta new-generation a studidourig ti dible light curing or VLC units HP LED

'--(A) 'first-generation LED (M,1 convetionaldhight-.emitting diode P_ L,-,ll(B), co e id ahalogen (Cj and high-intensity al ogen (D)

dental curing unit dpth of cure; oDOC

dental.... c i un. --- resi-based composites after exposure to
each lighb The expsure times for units A

KIM M. WIGGINS; MARTIN HARTUNG, Ph.D.; a U w o t f u B C
OLAF ALTHOFF, Ph.D.; CHRISTINE WASTIAN; iand D eoe-hs f n B a
SUMITA B. MITRA, Ph.D. RThepowertdensiy of unii9A was

S000 milliwatts persquare centimeter,
which waqs comparable to that of unit D

g wth turbo charge. The DOC and adhesion.

he use of visible light-curing, or VLC, units forat Ataied foallthreeresin-based compos a
the polymerization of dental materials is an .fterbeing light cured-byunit-A fora
essential part of a contemporary dental prac- -second.exposure time were equivalentto

tice. In recent years, many types of VLC lights -thoseafler being light'cured.by uit D fora

have been marketed with a view toward 10 second exposure tinie and to those after

making the polymerization process more efficient for inightcixri-dl-nits BI anC for20-
dental practitioners. Dental VLC materials generally con- secondexposure tiibes. The resin-based .

tain a diketone-type photoinitiator that -composites htcdid byunit Aattaiined
................................ absorbs light in the 400- to 500: im i f ic i 1 Tys than did those light

urd~hi itit iivizituio xThe battery- nanometer range covered by blue light tie andi at e 'ient twie-y cure o
'Ibsure: t mes andby unitC at itwidilite cure---- E

operated from the visible spectrum. The most time

high-powered common photoinitiator used is cam- ime.
highConchiusits- The'authors fobhnd that-
phorquinone, or CPQ, which has a peak - -

light-emittng , Urktit.Alfet elc dte resinmti ddabsorption maximum at 465 nm. U -the -bs
diode curing Tungsten halogen curing lights (often composites at-one hil 1th cue etimeof

un _ its- ;a d _C: ad at- th saetieas uniit
light might be referred to simply as "halogen curing il anat the saetiai i

an effective lights") are the most frequently used
alternative in polymerization source in dental offices.' Ciinical Implications. Th battery-

ight cuin The advantage of halogen curing lights Operated-HP LED cunng light miglit be
isar -.'r f 'txe'esa'ving alternatitive foris that they are derived from-relatively an ffective ime i rte

low-cost technology. However, they have linicians to use inlightetitingresm--4
composites. low efficiency and present several draw-. based compostes

. . backs. The light from a halogen curing
light is produced;by an electric current flowing-through ible light, as well as a large amount of
a thin tthgstenifitament.2The filamentfunctions as a - . infrared radiation. The light emitted is -

.r6sistor, ind wheri.it is heated by tliecurrent to temper- . ixot'selective; therefore, when blue light -

atures of about 3,00( Kelvin; it becomie inah eicent is given-off, the.rest of the soeciini is
and emits electrormagnetic radiatiori intle-forn ofvis- unused nd has to be filtered' oit

-Because the filaneritjeherites'high -'
DISCLOSURE o . temieratifres, the curing light as to be.
The authors are employees of 3M ESPE Dental Products, St. Paul, cooled by ventil itihi fdn that forces- -

Minn., and 3M ESPE AG;,Seefeld Gerrimanyi. Th stu ides cribed here
was conducted at both 3M ESPE locations- - -aro t h s

.- JADA, Vol: 135 October200 147f

f Copynght 2004 Anerican Dental Association All nghts reserved r
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feature causes the handpiece to become cumber-. material system-the gallium nitride-forms the.

some and noisy, and the.slots can.make it difficult basis for the blue emission, as well.as for the high
to disinfect the handpiece completely The high efficiency of devices that use it. Both characteris-
temperatures attained also can cause the bulb tics are esseritial requirements for their use in the.
components to have limited lifetimes and requires dental curing application. In LEDs, a voltage is
frequent monitoring and replacement of the applied across the junctions of two doped semi-
curing light's bulb.4  conductors (n-doped and p-ddped), resulting in

Newer types of curing lights have been intro- the generatiormand emission of light in a specific
duced to photopolyiterize dental materials: wavelength range. By controlling the chemical
Plasma arc curing, or PAC, lights have been compositioi of the semiconductor combination,
introduced with the claim that they can decrease one can control the wavelength range." The
curing times significantly without a concomitant dental LED curing lights use LEDs that produce
reduction in mechanical properties and perform- a narrow spectrum of blue light in the 400- to
ance of the cured materials.' Scientific data, how' 500-nm range (with a peak wavelength of about
ever, do not support this claim unequivocally.' - 460 nm), which is the useful energy range for
Typically, adequatecuring results . . activating the CPQ molecule rhost
can be obtaiied only if the cure, or --.-. .-- --.--.......................... comionly used to initiate the pho- o

exposure, times are extended Light-emitting diede topolymerization of dental
beyond those recommended by the curing lights ar monomers.
devices' manufacturers. In PAC LED curing lights are
lights, a high voltage is applied aghight, oral -lightweight, portable and highly
between two electrodes,. resulting in and highly efficient efficient and have long life spans.
a light arc between them. Like and have long Since a nariow band of light is
halogen curing lights, PAC lights life spans. emitted, there is no need for filter
also have low efficiency, and their . ------------------ ------------- ------ systems. Because there is no

power consumption is higher than infrared emission, the curing lights
that of halogen curing lights. PAC have low amounts of wasted
lights have high operating temperatures, which energy, leading to minimum heat generation,
makes the use of ventilating fans necessary. In which obviates the need for cooling fans. The LED
addition, the bulbs of PAC curing lights are curing light's power consumption is low, so bat-
located inside a tabletop base that uses rigid teries can be used to power it. The light output is 2
light-guiding cables. The lights' spectral output is consistent, there is no bulb to change and the
continuous and must be filtered to provide the. service life is long. Studies have been conducted
useful blue-light. The use of these high-intensity to demonstrate the potential of the blue LED
PAC lights can present a danger of increased heat technology for curing of dental materials. The
generation in the cured dental materials, which earlier versions of blue LEDs were low in inten-
may lead to pulpal damage." sity and required the use of a large number of

Laser lights also have been introduced. They LEDs to provide adequate performance. In 1996,

have the advantage of having narrow spectral . Fujibayashi and colleagues' reported using 61
emission characteristics that may be well-adapted LEDs to achieve adequate cure of dental compos-
to dental photoinitiators. Because of their low ites. Mills and colleagues" needed 26 LEDs to do
energy conversion, they require a larger base for the same in their 1999 study. In their 2002 report
power supplies and cooling. on polymerization of a hybrid and a microfill

More.recently, the use of light-emitting-diodes; resin-based composit6 using two commercial LED.
or LEDs, that produce blue light have been men-. .: .light-curingatilits (LuinaCure,.LumaLite, Spring .
tioned in conjunction withcririg dental Valiey,.CalifandVersalu; Centiix,.Shelton,
materials.' LEYtechxiol6gy is not new, ad if Coni)nf, Dunri'an'd Bish" concluded thuit the light

ferent versions of it haveieer ised inuitany .ou tofcomiiterciallyavailable LEDs for resin-
common applicationsuchs indicators in% absdomposite polymriziiin still required

common electronic devices.(for examplejcomituter improvement-to be Ailto provide the same ade-
keyboards) and red or green laser pointers quacy of cure as halogen hiht curing units
Highly bright blue LEDs have bee ,available only Since then, marked iiprovements in LED

since the mid 90 A new semiconducor ology have resulted in te development of'.-

in-fli mC' 14'A JA Vo15 cor 20 200 5 . ' o
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several types of commercial LED light-curing - The curing efficiency of the HP LED curing
units that have improved intensity output, which- light (unit A) would be equivalent to those.of the
results in a depth of cure, or DOC, equivalent to conventional LED curing light (unit B) and the.
that of conventional halogen lights at about the conventional'halogeh curing light (unit.C) at one-
same length of light exposure." Uhi and col- half the cure time.
leagues'" demonstrated that anLED light-curing. ! The curing efficieney of unit A would be equiv-
unit-Elipar FreeLight (3M ESPE, St. Paul, alent to that of the high-interisity curing light
Minn.)-that had an atray of 19 LEDs in its first (unit D).
version represented a viable alternative to . * The peak polymerization temperature, or-Tp,
halogen light-curing units for light polymeriza- reached by the composites cured by units A and B
tion of dental coinposites because it generated a would be lower.thin that of units D and C,
generally lower temperature increase within the respectively..
composite. These older versions of LED light-

MATERIALS AND METHODScuring units had intensities of up to 400.milli-
watts per square centimeter. Light-curing units. table 1 lists the VLC units

Further advancements in tech- we used in this study,.their power

nology have made it possible for .--...-...-............... ------------- densities and their exposure times a
manufacturers to produce high-pow- We measured the Unit A, Elipar FreeLight 2 (3M
ered, or HP, LED lights. A number depth of cure of three ESPE, St. Paul, Minn.), has a o
of HP LED lights have been mar- Visible light-cured, single HP LED, and unit B, Elipar
keted recently that claim to reduce FreeLight, has an array of 19
curing times.''" To achieve this dental filling LEDs. Unit C is a conventional
reduction in curing times, this nuitenal and & halogen light-curing unit (Elipar
newer generation of curing lights interfacial adhesion TriLight, 3M ESPE), and unit D is
have incorporated the latest of these materials to an HP halogen lamp (Optilux 501,
advancements in HP LEDs so that d hard tie KerrLab, Orange, Calif.) with

they are capable of delivering a turbo tip and boost mode. We 5
using a.common Gn

power density of about 1,000 obtained the units' power densities a
mW/cm2 . Since all of the spectral bonding agent and . (Table 1) and the spectral emission
output of the LEDs is concentrated each of the four characteristics (Figure 1) using a
in the blue wavelength range, more curing lights studied.- calibrated fiber-optic spectrally P
efficient curing should be possible ---------------------------- resolving radiometer system
with the HP LED lights, resulting in .. . (S2000 Miniature Fiber Optic
reduced curing time compared-with the first LED Spectrometer, Ocean Optics, Dunedin, Fla., cou-

lights and conventional halogen lamps. Thus, pled to an integrating sphere).
they would be comparable to HP or high-intensity Resin-based composites. We used represen-
halogen curing lights. At the same time, they are tative examples of three dental filling compos-
lightweight and portable and have long life spans, ites-a microfill (Filtek AI10, 3M ESPE), a
like the first-generation LED curing lights. . hybrid (Filtek Z250 Universal Restorative, 3M

We conducted a-study to assess the effective- ESPE) and a nanocomposite (Filtek Supreme, 3M
ness of a new HP LED curing light (unit A) and ESPE)-in this study (Table 2, page 1475).
compare it with a first-generation LED curing DOC measurement. We measured DQOC
light (unit B), a conventional-halogen curing light according to-the procedure defined by the Interna-
(unit C) and a high-intensity halogen <iring light tional Organization for Standardization
(unit D). We measured the DOC of three VLC; 4049:2000 (E) for resi-based filling materials.
dental filling inaterials.and the interfaciil adl e We packed thefihig mateiai into a meta

sion of these materials to dental hard tissue using cylinder (4 millinieters diameter 6 mm length)
a conimon bonding agent and each of th efour and cured it for theeopbsure time recoinri-ehded
curinglights We also compared the temperat y the manufacre ithunits B and Cr'for
ris cuse by the curing of a coiposite y t one te reemmeded tie th ntA ad
HP LED curi igh xth those generatedby the D Afer exling there'sin-based co-ioisiteith
othe three VLC nit We tested the following the light curing unit for the times s-pbified in

hypotheses -4:- Table 1 Aweremoved it frou t inold and craped. -s

;44~4 f "' ' ."'~ - J ikt'. L-r-,-i-. q tktt '

-s.:--Qt>~22q - r-aA-6-AS. m+ volI 135 o 9r20 1~4 f' ."

Cop gt @04 Amern Dental AssciainAlrgt eevd~.- * '~~t~ .-
-4 I . , - 'r;''

Sp~h

t. i nt.J2~. <t.-
"rt- - -~ SiK ,,~ l~Pt, T 44
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TABLE I

LI.RT-URMIN malI S STlgED T OWER DLACSITIES A A IMEXPOSUREMA

6ooao P100010tW~to

unit a lprFe~gtL g~d
3M ESPE (9

7700

70=0

Unit D Optilux 501, Highenrg
KerrLab, halogen1.2
Orange, Calif. 4

The number in parenthes~es is the number of light-emitting diodes mn the head of the tlgt-urmng unit. to
,mWlcms: Milliwatts per square centimeter.

away any uncured material using a plastic instru- total etch technique. We ground bovine teeth to
ment. The DOC value we recorded was one-half enamel with a final 320-grit finish. We applied 23
the height of cured material after scraping back. Scotchbond Etchant Gel (batch 2YR, 3M ESPE I
We used a sample size of five for each resin-based for 15 seconds, and then rinsed the teeth with
composite for each of the light-curing units. water and dried them. We applied Single Bond

Adhesion measurement. We determined the adhesive tbatch 2HB, 3M1 ESPE) to the teeth as
resin-based composites' adhesion to bovine recommended by the manufacturer and dried and
enamel by measuring shear bond strength using a light cured the teeth for the times shown in Table

3I We placed each resin-based composite to 2 mmrn
depth in the mold and cured it for- the times
shown in Table 3. Thus, the light-curing time for

Unit A unit A was oi 'v one-half that of unit C. We stored
11ooo..wtzn the specimens in distilled water at 37 C for 24

hours. We measured bond strength in the shear
a ** se amode using a wire loop with an Instron Universal11.50 se~cant testing machine (model 1123, Instron. Canton,
20 111ass.) at a shear rate of 2 mn1/minute. We used a

is40 / enw wia sample size of six for each resin-based composite

to/unnt c for each of the light-curing units. We conducted
t voo..w.,a statistical analysis using analysis of variance, or

5 ANOVA, at P <,.05.
o TP measurement. We measured TP in vitro

*** *** ** sa with a cavity consisting of an aluminum cylinder
WA )(2 mmc height, 6 mm diameter) filled with resin-

based composite material. We incorporated a
IF 016-opti- -ectamof he betNitate cia thermocouple into the bottom of the cavity, and

pherspin--ei r meQ, and emissioan spectra of tim aureay we recorded the temperature increase during the
fishe. Toet no"h interit Is sephlaslem to area Under irradiation from the curing lights with a
the at revlap ri tes emined96 aght of as who91l unhin computer-based data acquisition system. We con-

M11th a absorption spacernn. of tme photeleager. TI.* sidered the maximum of the temperature rise to
'rawns 91in. 11' the age-curti sft aretes.it be the peak temperature. We light cured fivettpowPern densitiles. maWlcAMIimatts per squiaire
Casumesea t MMOn Aim ., samples of each material with each of the four

1474 JADA, Vol. 135, October 2004
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curing lights, and we con. TAhLE 2
ducted statistical analyses R C * U
(ANOVA, P < .05) to deter-
mine significant differ- naam ureo.. YAmrv.
ences in T. among the coun t o u natm
curing lights used. This
setup allowed us to meas- Propolymerized

I. filler and
ure the amount of relative pyresense sinca
heat that was produced
owing to the polymeriza- Hybri (Pilek use SAn
tion reaction of the resin- universal
based composite sample, EsPa s.a. as
as well as the thermal
effect due to the radiation
from the curing lights. We nainster and

6 sllica namaparticles
did not interpret the abso-
lute temperature values in eftfctive particle a
terms of the real tempera- a t -
tures present during a BiscuA: sphenal A glycidyi dimethecrylate.

clinical procedure, as the t TEGDA Triethylene glycol dimethacrylate.
I b i:cMA. Urethane dimaithacrylacethermal capacity, heat BiMA Bishen thyln o r t

transport and dissipation is-EMA6: Bisphenol A polyethylene glycol diothor dinethacrlatc.

of a vital tooth may be TaDLE 3
completely different. The
evaluation, however, C RN IE O D EINSRN T
allowed us to make rela-
tive comparisons of the ue souWncs* cu1s1y01o sass soe cummn son
amount of heat that a Wum e111u SE r. M amum-AS

PAU&. WMM) (S1114:1NDS"1) COM11111g0111 (SCONDS) -p
tooth, and in turn the 11 W if
pulp, had to handle with no
the different treatments. una to

RESULTS .o. c20

DOC. Figure 2 shows the Uni 50to

DOC results for units C Unt na,,s and mnufacturers ore listed in Talek I

and B at 20-second cure
times for the three resin- 3.0
based composites. Figure 2
also shows the results of 2Ls
curing using unit A at £
10-second cure times, as 3 o
well as that of unit D at
10-second cure times. We is
performed statistical anal- 8
ysis using ANOVA for
equality of medians at
P < .05. We found no sig- s
nificant difference in DOC
for all three types of resin-
based composites tested
using units A and D both
at 10-second cure times. In
all cases, there was no sig- iques 2. npels of cure of composes using the curing uhes.. m: mlusrnnets

JADA, Vol. 135, October 2004 1475
Copyright @2004 American Dental Association. All rights reserved.

333

VA T reAce Cnsnil 1Alli 7

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



4DVANCES(IN DENTAL PRODUCTS

TABLE 4

ia Ae-swicmi aUm 20COD MEI C 3.ga m e PDM
Coimpora (ma a stp (MP. a sos(m a se) (agP. a.s)

25.6(4.8a . 26.8 (3.1)a

Micreriei26.9 h e4.9a t

24494241)" 29.3 (3.1)a-

tResinba 1dd composite names and manufacturerscre listed in Table a.
?MPa: Megapascals: SD; standard deviation.

Withineach resin-based composite group, the numbers with same superseript letter are not sagnificantly different from each other lanalysis of
variance, P,<.05).

hybrid were the highest when unit D was used at
q, the 10-second cure time, though the averagea

value was not significantly different from that
obtained from unit C at the 20-second cure time. 0

For the microfill, these Tp values were essen-
tially the same. The resin-based composites

W *A
s gcured by unit A attained a significantly lower

*uc Pc <05) Tp than that reached by unit flat an
equivalent 10-second cure time. At the 20-second

cure time, unit B produced a TP that was 65 to 75

percent lower than that of unit C at the same
cure time.

annmu wHe uMa e*p*U6
DISCUSSION

asses0aass composrwa -r
LED technology has advanced significantly since

Figure 3. Peak polymeriatioan temperatures. the original use ofblue LEDs for curing dental
composites.'" Unit A is one of the newest curing

nificant difference in the DOC obtained from unit lights. In contrast to previous generations of LED
A at 10 seconds and unit C at 20 seconds, while lights, which used an array of LEDs (for example,
that obtained from unit B at 20 seconds was sig- there are 19 LEDs in unit B), it uses a single
nificantly lower than that of unit A. high-intensity blue LED that has a larger semi- -

Adhesion. Table 4 shows the results of adhe- conductor crystal, which increases both the illu-
sion to enamel testing using the adhesive in the minated area and light intensity with an output
total etch technique and each of the three compos- of 1,000 mW/cm'. An efficient optical arrange-
ites cured with the four lights. We recorded the ment is required for the delivery of the high-
cure time of the resin-based composites for each intensity light to the light guide to ensure
light. The adhesion values for all three resin- optimum polymerization. For this, a conical
based composites showed no significant difference reflector consisting of a highly reflective mirror
or greater results between samples cured with film (31 Radiant Light Film, 3Mi is used at the
unit A and samples cured with each of the other base of the light guide to ensure maximum light
three curing lights (ANOVA, P < .05). flux." This mirror film consists of multilayer

Ty. Figure 3 shows the results ofT, measure- polymer film technology, which serves as a per-
ments. Table 5 shows the mean temperature and fectly reflective mirror that is only a few microm-
standard deviation. For each resin-based com- eters thick.'9 Using this film allows for integra-
posite, the numbers with same superscript let- tion of unit A into a slender, ergonomically
ters have mean values that are not significantly optimized handpiece that weighs only 220 grams
different from each other (ANOVA, P < .05). We (one-half pound), while providing high optical effi-
found that the Tp for the nanocomposite and the ciency. Unit B's handpiece weighs 320 g, unit C's

1476 JADA, Vol. 135, October 2004
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TABLE S

amssso umr A ssem cumunr 3 so-scm cmm amr caaflemeco r wsamaecu
cfosmor (sesc .msa tmmas ce se Sammes 0se ( Cmm c e

7l300.20 7.62 (0 . 2 3)

MicrofMI 6&32 (0.68595)(.4

7W2 0.3 7,88 (0.381'

' Rein-ase coposte ames and manufacturers are listed in Table 2.

$ Wihineac resn-bsedcomposite group, the numbers wAh same superscipt letter am not significantly different from each other tanalysis of

weighs 270 g, and unit D's weighs 280 g. them were outside the CPQ curve. In contrast,
We used three types of resin-based compos- both the spectral output curves for units A and B

ites-microfill, hybrid, nanocomposite-to study (LED curing lights) had sharp emission peaks
the efficiency of light curing using unit A, which centered around the CPQ absorption maximum of
uses a single high-intensity LED as its energy 465 nm, with 95 percent of the photons being
source. All three resin-based composites use emitted between 440 and 480 nm. This is why
CPQ as the photosensitizer component, as well unit B. which has an intensity of 400 mW/cmA,
as a tertiary amine. We found that though there provided DOC and adhesion values at 20-second
were small differences in curing between the cure time for the three resin-based composites
three resin-based composite groups, the overall comparable with those obtained from unit C,
differences we observed when comparing the which has an intensity of 700 mW/cmt.
four light sources were indepen- A recent survey showed that
dent of the type of composite used. while the convenience of LED

The guiding principle that dic- The gm curing lights such as unit B was
tates the efficiency of a photopoly- tiat dictates tie appreciated by clinicians, 60 per-
merization reaction is how much efficiency of a cent said they preferred shorter
light energy is absorbed by the pho- cure times." Manufacturers have
toinitiator in the system. The effi- A is A mM moved toward higher-intensity LED
ciency of a photopolymerizing curing lights that have shorter
device can be described by the total light engy is curing times. Unit A, with its HP
energy concept.' This means that absotd b LED light source, has a light inten-
while light intensity is important, photoinitiator In sity of 1,000 mW/cm2, which is more
the more important factor is how tlhe system. than twice that of unit B (400
much of the emitted light effec- ---- ------ ... .... mW/cm '. The recommended cure
tively matches the absorption spec- time of unit A is one-half that of
trum of the photoinitiator (total useful light). units B and C. Uhl and colleagues-" recently
Figure I shows the light output from all four demonstrated that the DOC of a resin-based com-
curing lights. It also shows the absorption spec- posite correlates with the curing efficiency of the
trum of CPQ. Although the CPQ absorption curve light unit. In our study, we used DOC and adhe-
constitutes the total range of light that can ini- sion of resin-based composite as measures of
tiate a polymerization reaction, the highest prob- curing efficiency. The results of the DOC and
ability of light absorption is at the peak max- adhesion testing indicated that the values for unit
imum of 465 nm. Light at this wavelength is A at a 10-second cure time are equivalent to or
much more likely to start a photopolymerization exceed those obtained from units C or B at 20-
reaction and, therefore, is more efficient than second cure times. This supports our first hypoth-
light at all other wavelengths. The spectral esis for all three resin-based composites. Our
output curves for units C and D (halogen curing second hypothesis also was supported, since we
lights) were broad and a substantial portion of found no significant difference in the DOC values

JADA, Vol. 135, October 2004 1477
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- One might
have expectedtr 4 that the

/ higher-inten-
sity LED used
in unit A

st wtZags it aM±Wa.. Dr.nertang is.adw... n sstemane- M..w.A saMAu- .r.unre co- would cause
nolgst 3M1 spE stpmenal scientist, ar. Technical R&D. clsa Techuncal R&D. rteo scienltt3M SP
Dental Products, 31 Technical RMD 3M1 3M ESP Dental AG. 3MESPEDeualAG, Deana products, 3M substantial
c..cp.., St.. i, Can en..tasM s..ssed. an.. s.antsr===r c....any.26o-211-13, heat genera-
Mauna. Sexleld. Geray. 311 Center St. Paul,

a.ss. ... s tion in the
and adhesion results for all three resin-based .rn handpiece,

Addrss reprinta-
composites when we used units A and D at 107 requesstor.itra. requirng
second exposure times. .external

According to the total energy concept, a certain cooling. However, a design feature of this unit
dose (intensity x time).of light is needed to ad- obviates the need for external cooling fans. Heat
equately cure a specific material. Thus, if one generated by the LED is dissipated by a heat sink
wants to reduce the curing time of a standard made of highly thermal conductive aluminum 0
halogen lamp (for example, unit C at intensity of that is integrated in the housing of the unit. The M
approximately 700 mW/cm 2 ), one would need to high conductivity of this material ensures that a F
use a high-energy halogen light with an intensity low LED temperature is maintained when the a
of about 1,400 mW/cm 2.This is what we saw for unit is operating for several minutes, which pro- M
unit D, which has an intensity of 1,500 mW/cm 2  tects the LED's longevity. When the unit is
and cures the resin-based composites in 10 sec- turned off, heat temporarily stored in the heat E
onds as efficiently as unit C does in 20.seconds. sink dissipates into the environment via interac-
Unit B, which is a first-generation LED curing tion with the aluminum composite housing. This
light with an intensity of 400 mW/cm 2 at 20 sec- design means that fans or other means of air-
onds, provided DOC and equivalent adhesion cooling the device are not needed, which means
results comparable with those of unit C at 20 sec- that the HP:LED curing unit (unit A) is lighter a
onds. Hence, to cut down unit B's cure time by weight than the other light-curing units.
one-half, unit A (a HP LED curing light) would
need to have an intensity of about 800 mW/cm 2. CONCLUSIONS
The measured intensity for unit A was 1,000 We found that unit A effectively cured three rep-
mW/cm, which was slightly higher than the resentative resin-based composites at 10-second
required value;providing an added safeguard cure times comparable with unit D with turbo A
against undercuring. charge, while maintaining lower Tp. All three null 8

An important factor to consider in regard to hypotheses we proposed were upheld by the
increased light intensity of the curing source is the results of our study. The design features of unit A
heat generated in the resin-based composite being provided us the option of using a lightweight,
cured. If excessive heat is generated during the battery-powered portable curing light that com-
curing of the composite, it could be transmitted to bines time savings and curing efficiency without
the surrounding tissues and pulp, causing them excessive heat generation. .
damage. A low TP is desirable. As we expected, in 1. Tarte Z, Meniga A. Knezevic A, Sutato J, Ristic M. Pichler 0. Corn-
all cases, the lowest TP value was that for unit B; posite coiversion and temperature rise using a conventional, plasma

it was significantly less in all instances from those ar, and an experimental blue LED curing unit. J Oral Rehabil

ofunit C, even though we used equivalent curing.. 2.council on Dental Materials, Instruments, and Equipment..Visible

times and obtained silmilar DOC and adhesion light-cured composites and ctivating units: JADA 1985;110:too-2.
3.'Althoff 0; Hartung M. Advances in light curing. Am .1 Dent

values from both units. The total energy concept os2000;special issue)77D-a1D.

wedescribed previoisly also explains why Ts for. rghi N, serryT, Hattonc Evaluating intensity output ofcuring
. -lights in private dental offices. JADA 1994;125:992-6.

unit A were significantly lower than those of unit 5. Buiges JO, Walker RS, Porche C Rappold AJ. Light curing an
D at the same light 10-second exposure, even . ' Coped ont Dt2 so9in poly6.Park'SH, Krejcf 1. Lutz F; Nficiohardoess ofresin composititesl--
though the DOC and adhesion values wer statis- ineried by plasma ircdhn conventional visible light curing. oper on

atica yequia en in allcases. Thus or third.o........................... 7 ShoitalI AkC. Harringtoa E.Ternperatureriie during polymeiza."<K
hypothesias also was upheld.. t oflight activated resin composites. J Oral Rehab 199;25:9013.

1478 JADA, Vol; 135, October 2004.
coynht @200 nednDna s to sAi nihs nessved.
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Special issue Article

Advances in light curing
OLAF ALTHOFF, PHD & MARTIN HARTUNG, PHD

ABSTRACT: Purpose: To review and conect the scieiitific background of light curing with clinical requirements aridnew technical Opportunities in order to codclude the best teIhnoldgy for next generation light curing units. ResultsThree cbonclusions are drawn for proper light curing: (1) A minimum dose-of light is needed (wavel ength dependent);
(2) Internal stress can be reduced by giving the sample time to flow befored gel point is reached; (3) An upper intensitylimit has to be respected to limit temperaturi increase as Well as light intensity dependent deactivation of activatedphotoinitiators. These conclusions can best be realized by using the softstart approach. A comparison of different lightgeneration technologies shows that.LEDs are most likely to shape the next generations of curing lights. Due to theirsuperior power conversion rate as well as to their optimim spectral eins§sion small and handy devices can be realizedthat work batter-powered and totally silent The benefits for the dentist are improved reliability, handling, and hygiene.(Amn J1Dent 2000; 13:77D-SID).

CLINICAL SIGNIFICANCE: New light curing units based on LED technology will offer the dentist improved reliability,handling, and hygiene.

CORRESPONDENCE: Dr. Olaf Althoff, ESPE Dental AG, ESPE Platz, D-82229 Seefeld, Germany. Fax: 49 8152-7001474. E-mail: OlafAlthoff@espe.de

Introduction sive strength, flexural strength, and -bonding capability.
Unfortunately, there are also undesired side effects likeThere is an ongoing interest in new curing lights for shrinkage induced internal stress, residual mionomers, and-omposite restorations due to the need for a curing light tbat .temperature rise: A good light curing strategy aims to realizeiorks reliably and conveniently in the general practitioner's the. specified material properties under clinical conditionsoffice for many years. It should help the dentist to place while keigudsrdsd fet onrestorations of better mechanical stability in less time under

clinical conditions. Activation of photoinitiator by light - A photoinitiatorThis longing for the ultimate polymerization light leads molecule gets activated by absorbing a photon. The absorbedquite a few dentists to invest money in more exotic and energy of the photon is used to change the molecularexpensive curing lights like lasers or plasma arc lamps. While structure,- forming a radical. Activating a photoinitiator isa confusing discussion about the opportunities in time savings nothing else but light absorption by' a photoinitiator. Theas well as special effects on the restorative materials is number of activated photoinitiators during light curingongoing, new technology like LEDs or laser diodes are . depends on the amount of photoinitiator contained in thealready emerging on the horizon and will add to this sample,' the number of pliotons the sample is exposed to anddiscussion. on the energy of the photons. The amount of photoinitiator inThis article presents a review of the scientific background the sample is a material property defined by the manufacturer,
of light curing and about the opportunities different. light while number and energy of photons can be adjusted by the
sources open up for future developments. design of the light curing unit. Activation of a photoinitiator.

works better the closer 'the photon energy (wavelength)Scientific background of light curing matches the needed activation energy. In this case we have
For best results-in Light curing, the development of the optimum light absorption. For camphorquinone, which mostF right curing strategy is as imprtant as de n thethese dental photoinitiator systems are based on, this absorption

light source. This'secion[ is about the relevant isis maximum is at a wavelengtif of 470 rnm.
concerning the properties of light, the polymerizatioi process,- These refecionsshow that the relevant properties of light

-and its correlation wttclinical factors. . .--. for activating pliotoinitiators are wavelength and niimberbf -Iltpphotons The eqiation for the correlation between -number ofIn light curing- light. is' used to activate the phuotoiniftiator' potns( _e lgtds)adlgtn~i sa olw
system iii the restirative material. The activated photoinitiator plis
will thntart the -olyeization reaction In a first
approximation each actirathl photoinitiator willstay active

nr, a certain .tie a can mtegrate ag certain numbe of .Other more eotic properties of light like: coherence oranomers into.the polymer network This efficacious time is polarization, which are typical for light generated by lasers,limited by- deactivation thechatiisns inside-the saple. the play no role at all because they describe a ceri onentatiodfinal mechanical operties of the composite restoration arc a or correlation among the photons which gets lost immediatelying its t me dependence1 h ue o the-multisdaiermg processes inside the compositedeie ffct ~ n ices in surfa~ex haness compres- sape. 32--
VATfliCAIiA czprM IO t)
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Special Issue Article

Advances in light curing-
OLAF ALTHOFF, PHD & MARTIN HARTUNG, PHD 

ABSTRACT Purnosi To review andA cnnect the sientific background of Iight-curing with clinical requirements andnew technical Opportunities in order to conclude the best technology for next generation light curing units. ResultsThree conchusions are drawn for proper light curing: (1) A minimum dose of light is needed (wavelength dependent);(2) Internal stress can be reduced by giving the sample tine to flow before gel point is reached; (3) An upper intensitylimit has to be respected to limit temperature increase as well as light-intensity dependent deactivation of activatedphotoinitiators. These conclusions cai best be realized by using the sofistart approach: A comparison of different lightgeneration technologies shows that LEDs are most likely' to shape the next generations of curing lights. Due to theirsuperior power conversion rate-as well as to their optimum spectral emission small and handy devices can be realizedthat work battery-powered and totally silent The benefits for the dentist are improved reliability, handling, and hygiene.(Am Jflent2000;13:770-8I0) . .

CLINICAL SIGNIFICANCE: New light curing units based on LED technology will offer the dentist improved reliability,handling, and hygiene.

CORRESPONDENCE: Dr. Olaf Althoff, ESPE Dental AG, ESPE Platz, D-82229 Seefeld, Germany. Fax: 49 8152-7001474. E-mail: Olaf Althoff@espede

Introduction sive strength, flexural strength, and bonding capability.
Unfortunately, there are also iidesired side effects likeThere is an ongoing interes t in new curing lights for shrinkage induced internal stress, residual monomers, andcomposite restorations due to the need for a curing light that temperature rise. A good light curing strategy aims to realizevorks reliably and conveniently in the general practitioner's the specified material properties under clinical conditions,ffice for many years. It should help the dentist to place while keeping undesired side effects down;restorations of better mechanical stability in lest time under

clinical conditions. Activation of photoinitiator by light - A photoinitiatorThis longing for the ultimate polymerization light leads molecule gets activated by absorbing a photon. The absorbedquite a few dentists to invest money in more exotic and energy of the photon is used to change the molecularexpensive curing lights like lasers or plasma arc lamps. While structure, forming a radical. Activating a photoinitiator isa confusing discussion about the opportunities in time savings nothing else but light absorption by a photoinitiator. Theas well as special effects on the restorative materials is number of activated photoinitiators during light curingongoing, new technology like LEDs or laser diodes are depends on the amount of photoinitiator contained in thealready emerging on the horizon and will add to this sample,' the number of photons the sample is exposed to anddiscussion. on the energy of the photons. The amount of photoinitiator in
This article presents a review of the scientific background the sample is a material property defined by the manufacturer,

of light curing and about the opportunities different light while number and energy of photons can be adjusted by the
sources open up for future developments. design of the light curing unit. Activation of a photoinitiator

works better the closer the photon energy (wavelength)Scientific background of light curing matches the needed activation energy. In this case we have
For best results in light curing, the development of te optimum light absorption. For camphorquinone, which mostright curing strategy is as important as the design of the used dental photoinitiator systems are based on, this absorption

light source. This section is about the. relevant issues maximium is a wavelength of470nm.
concerning the properties of light, the polymerization process- These reflections show that the relevantproperties of lightand. its correlation with clinical factors. - - -pfod airphtterhanpoetesflgt-ns lt to o tivating photoinitiators ire wavelength and number of

Inightcuiing light is usedtoactivaethe photoinititor -photon The equation foe)r the correlation betwee : number of,
system ii the restorative material.-The a6tivatedphotoinitiator p o( lh sa itti isa f .
will then start the -polymerization reaction.- In a -first. t,
approximation. each activatedphotoinitiat6r wiif sta' actiie-(1 ds
for a certain time and can iitegrate a certain number of (.Other more exotic propertieilof light like coherence oronomers into. the polymer network. This efficaci6us time is polarization which are typical for light generated by lasers.nited by deactivation. mechanisms inside the sample. The play no role at all, because.tley~describe a certain orientationfinal meclanical properties of the composite restoration are a or corre lation among the photons which gets lost immediatelyresult of the whole process including its time dependence.The due to the rmiltiscat iig processs inside the comosi
desired effects are an increase in surfaci hardness, compre sample. . .
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Radical polymerization and deactivation mechanisms - The
'ctivated photoinitiator is in chemical terms nothing other
ian a radical. This radical can attach to a monomer and in

addition will activate the monomer. In the same way Birther
monomers can be attached resulting in a growing polymer
chain. In theory this.process can go on forever, in practice
however, there are termtination reactions, iLe. there are o ,ther:

chemicals and radicals that are able to stop the chain growth s

after a certain period of time. Usually a radical in a radical

polymerization stays active for about 0.1 to 1.0 s. The exact
value for dental materials still has to be worked out which is

difficult for high viscous materials. During the efficacious 3

time of an activated photoinitiator about 50 monomers will be

integrated into the polymer network. .. so .0o .on eco .oo eco
The efficacious time of photoinitiators is limited by

deactivation mechanisms. While the influence of oxygen and

stabilizers on the polymerization process is independent from Fig 1. The maximume pulp chamber mperature rise during resn-based

light intensity, the amount of activated photoinitiator is of mpnsite polymerization shows a linear increase with idcreasing light
inteusity for given polymerization tim of 40 s. The in 'wlh'o data points were

course a function of intensity. It is important to know that an found by Hanig at al." The different light-intensity values represent differ-

activated photoinitiator cannot only start a polymerization et light curing units. With today's high power curn lights with light inten-

reaction, but can also stop chain growth by recombination 5,~tics of about 800 mW/cm'2, a aoimoum acceptable thermal exposure seem
reti, anoter a satedotocingrowthor by reciomiti almost to be reached. Also the clinical relevance of such in vir data is under

with another activated photoinitiator or by reaction with an dicsin an rhrinest inres shouldabe assessed with at care.

activated end of a polymer chain. This dependence of light
intensity on the deactivation mechanism will influence the Conclusion II

polymerization process. At higher light intensities every Internal stress can be reduced by giving the sample time to
activated photoinitiator will integrate less monomers into the fow before gel point is reached Besides shrinkage induced

polymerization network, Le. a higher light dose is needed to ntemal stress and residual monomers, temperature inrease

get the same degree of polymerization. during polymerization is another side effect which has to be
The information provided her' with respect to radical taken into account. Heat will be generated by the absorbed

polymerization with its activation and deactivation lght as well as by chemical reaction of the polymerization
mechanisms can be found in general polymer science process.o*" Figure 1 shows that for a defined curing time the

tb ia in vitro pulp chamber temperature increases with light

Bulk properties and curing strategies - The desired properties intensity.
of a composite restoration are high mechanical strength and Conclusion I
good bonding capability. The mechanical strength mainly

depends on the degree of polymerization.3 For a high degree Respect an upper intensity limit. In terms of economics as

of polymerization a minimum amount of activated well as convenience there is a demand in reducing curing

photoinitiator is needed which can be guaranteed by a time. This section about the scientific background shows that

minimum amount of photons or a minimum light dose. in order to realize a fast cure strategy, compromises have to

be made. Due to Conclusion I and equation (1) intensity -has
to double for cutting curing time in half Otherwise residual

For an optimized wavelength a minimum dose of light is monomers will be left in the sample and the mechanical

needed for proper curing which only depends on material strength is weakened. This intensity increase comes quickly

properties. Hfigh degree of polymerization means high into conflict wit (MI), because increase of intensity has a

mechanical strength, low amount of residual monomers and, stronger influence as reduction of time. Furthermore, when

unfortunately, large polymerization shrinkage. The amount of using high levels of light intensity no time is left for reducing

shrinkage of a fully. cured sample is a purely material internal stress (II). The result is a weakened bonding strength

dependent property with a value of about 2.5% (yolume and an increase .inmicroleakage. Increased light intensity

shrinkage) for deital materials. The shrinkage induced- will. increase -temperature -during the curing process in.the.

internal stress reduces the bonding strength of the composite restoration. Under really fast curing conditions even an

restorations. This effect can be reduced by giving the material autocatalytic speed up of the reaction may be possible for

time to flow aid,'i this wa' tocompensate for the volume some materials with additional increase in.temperature. At

shrinkage. This has ti happei before the gel point is reached, higher levels of light intensity, a higher- light dose is required

afterwards the polymer network is already too strong to allow to get the same high degree of polymerization, because light-.

fstress free flow -of material. This soft'start concept first intensity dependent deactivation. mechanisms have to be

proposed by-Feilzer et al' and Unoet al was introduced by Cpeisated.Althoigh for soine of the boundary coiditions

ESPE to thedentanketad has become sindard today.6  more research is needed td give hard numbers, it ts obvious

Published ditish lesshidicoeakageand lower curin that an fast curing strategy i La difficult optimization.

stress for saiplei ui"rd with the soft start approich- problem for whichcompromuses hve to be mad anyway
i.3-
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respect to the complete optical system including bulb, filter,
12e0 .. and.light guide. This means that all.possible souices of failure

are taken into account. Based on this measured data a
microprocessor changes the electric power control of the bulb
in such a way that.the light intensity is kept constant even
after changing parts of the optical system. With the help of
said microprocessor, the. dentist can hot only monitor his

. system, the calibration- feature helps: him to eliminate
400 deviations. The: strofg impact of this technology. on the

variations ini light intensity output is shown inFig. 2.s

Next generation of curing lights

m~ .Before talking about new opportunities-for the future let us
. asbirecall some of the dental needs concerning light curing units.

- -e amove nMShorter curing times and reliability of curing units have

already been mentioned in this context Since light curing
Fig. 2. The different electronic control means, realized in today's curing units are not easy to clean, another issue is the improvement
lights result in dramatically different tolerances of the actual light intensity. of hygiene. Furthermore, a small and wireless light curing
Also all techniques show the same mean value for the light intensity, line
voltage variation, bulb aging and variations between normally identical bulbs unit would definitely improve handling properties.

cause deviations from the mean value. Especially, in unregulated devices Can new technology help to meet these needs? It was
these variations lead to minimum (maximum) light-intensities more than 1/3 . worked out in the first part of this article that reducing curing
lower (higher) than the mean value (left bar). Only with advanced control tine is limited b a temperature increase in the composite res-
electronics (power regulation + calibration) can any individual sources of . y a p
intensity fluctuation be minimized (right bar). torations and by an increase of internal stress.. Therefore, pro-

gress in this field is not as much a question of choosing the
The soft start strategy takes an opposite approach. right light source, but more that of having the right curing

Conclusions I - III show that best results can be obtained by strategy and optimizing the composite materials. Especially, the
using this approach: starting with a low level of light intensity development of low shrinking materials would be most helpful.
gives the material time to react to the shrinkage by material The only properties of light sources that are relevant for
flow, resulting in lower internal stress. After reaching the gel light curing are light output and wavelength, both of course in
noint light intensity is increased observing a safe intensity a reliable and defined way. There is no doubt about the fact
*mit- curing time is chosen such that the minimum dose for that these parameters are already optimized considerably in

all composite restorative materials is reached. This approach state-of-the-art light curing units. From a technical point of
sets safety and reliability first. view, further development has to focus on efficiency. This

means the efficient generation of light at the absorption
Reliability of light curing units today maximum of the photoinitiator (470 nm).

The main requirements for adequate, modem curing To see what kind of advantages this might offer, it is

processes of composite restorative materials are reliability and helpful to define the optimal light source. This ideal light
safety as well as fulfillment of specified material properties source would convert all the consumed electrical power into
under clinical conditions. A state-of-the-art curing light has to light of the desired wavelength. The better the power

bring out the best of composite materials in terms of conversion, the less heat will be generated by the curing

mand longevity under clinical conditions. device, which means easier thermomanagement with no need
of fans for cooling. If less energy is wasted in heating up the

It is surprising that even with toady's state-of-the-art environment, less electrical energy is needed for the same
curing lights, it is still a challenge to keep them running in the optical power output. Therefore, battery-powered devices
dentist's office in a reliable way for years. Meniga et al13 might become practical. It is obvious that this kind of an ideal
analyzed 83 light curing units that were in use in dental light source would lead to a smaller wireless unit with-
offices. The astonishing result-was that only 58% of the light improved hygiene. The better the wavelength is confined to
curing units in use were.in acceptable conditions (see also the optinin value of 470 nm, the more efficient the light is
-Pil et al.). However, taking .into account all the, facts we used for activation of the photoinitiator, which in turn leads to
have concerning light curing, the results do not look as- a t

incomprehensibl aste myoi iht Light iinty .'tliowierterilperature increase-in,the restorative-material due to--
nmprehensible as they ay it nsit. light absorption. This might a quicker curing process without

still a crucial parameter concermng reliabilitybiitting the upper intensity limit; but.only in combination with
numerois factors are alle to change light intensity. Evena alow shrinkage-material.that maintas:16 internal stress
simple exchange of a light bulbjcan significantly change'the do to value .diff
light intensity output of theiixiit, to say noting of the effects ro.e...et.to.ettereffi..en n htnet technolysIi

case y. or.it..Ovosl.ecnnt. respec tbeterdfiiency; one-has totrevert. to-the physicalA
-acaused by iging orc dirt-' ibviouslyro hwe.h cannot-.rnaleccar light
-concessions in terms of reliability and safety- -..- soice is based. These cipes havea tong imp at on,

y , . Il - 1.i e e p i 4l

ESPE's answer to this situation is the new Elipar TriLight . electrical to opticalkpower conversionrate as well as on the
Thus patent periding system measures its ight outpuit with fillW w.-.avelength range.

---------------------------------- ------ V ,t - ;-7- i.L'V -
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... . atoms into one or few discrete lines of the desired

wavelength. Therefore, the demand of wavelength adjustment is

fulfilled almost ideally. However, the power conversion is even.

0.8 ca u 1 .a worse compared to the halogen or plasma technolog, resulting
in very bulky units, despite the high price of such devices.

Light emitting diodes (LED) have been known for decades
0.C .s as indicators for consumer products. Only since the very

recent development of the past few years, also lighting
LE, .- o G. applications cane into view as with the invention of high

0.4 0.4 efficiency, high. brightness LEDs. As for lasers, light is
generated not by a thermal. process but by a well-defined

o0- 0.2 relaxation of .excited electrons. i . takes place inside a

microscopic. semiconductor crystal. The wavelength of light

:generated by this process is given by the so-called band gap
o0 40 o 520 sand is defined by the chemical composition of such devices.

m By means. of so-called band-gap-entgieering. the demand of

Fig. 3. The narrow LED emsion.spectra is almost exactly located at the wavelength.adjustient is nowadays only a task of the right
maximum of the camphorquinone absorpdon maximum. This is the reason material design; And indeed, LEDs with the right emission
for the much higher polymerization efficiency of LED based light sources in

comparison to conventional halogen lights, Wien comparing. the spectrum, perfectly matching the needs of dental materials,
camphorquinone absorption spectrum with the emission characteristics of the have been available only very recently.'6

halogen lights it can clearly be seen that a lot of power at the lower as well as Figure 3 shows bow well the LED emission spectrum fits

at the higher end of the emission spectrum is not or only to a very small the maximum absorption of camphorquinone. In comparison,
extent used for activation of the photoinitiator molecules. the emission spectrum of a halogen light is considerably

Halogen light bulbs generate light just by electrically broader, although the wavelength range is already adjusted by

heating a small tungsten thread to temperatures of some filters. The power converting factor has still not reached its

thousands of degrees centigrade. So mostly heat radiation is theoretical limit, but with the latest devices it has already

generated, which is in the infrared range of the beaten conventional lighting techniques by one order of

electromagnetic spectrum. Only a few percent of the light magnitude. This development is still going on, following the

output is in the visible part, including the blue range, desired well known. speed of the whole semiconductor and

for polymerization. This wavelength range used. for curing is microelectronics industry.

usually selected by filters. The light power output is less than Laser diodes probably will offer further advantages in the

1% of the consumed electrical power. Nevertheless, this years to come: They aie based on the same technology as

technique has become well established in light curing units LEDs and will reach power conversion rates that will be

and reached a high reliability level in the latest devices. But without any competition.

because of the principle of light generation used there is only
little room for further improvement, power conversioh cannot Conclusion

be improved and further wavelength adjustment would result
in an even lower power conversion. The comparison of the different light generation

Plasma-light consists oftwo electrodes in a Xenon filled technologies, presented above, shows a strong advantage of

bulb. Started by a high voltage pulse. extremely high cu et the semiconductor-based techniques of LEDs and laser

b l st e d bynerate a hgh voltageapu several thousands t diodes. Due to their superior power conversion rate as well as

degrees centigrade. This plasma irradiates. light with an due to their defined wavelength range, it is very likely that

emission spectrum that strongly corresponds . to that. of they will shape the next generations of curing lights. 7

halogein bulbs (mce again, mostly heat radiation is Closest to realization are LEDs which are already

generated). In other words less than 1% conversion efficiency s. available with the rightwavelength range.

can be achieved. In comparison to a halogen bulb the absolute . To make these new devices happen the light output of

value of power-that can be realized is up to four times larger. diodes still must be improved and experience under clinical

Even, with the hoptical loses of es wavegui neessary. conditionshas to becollected. It will, however, be only a
bevase w h opti loss the w ve u e necessaryi"- question of tiffe until a new technical stan dar for light curing

because of the high voltage presimt at the bul igh light pracice
ntensites can be obtained. As for the halogen technique, i thmall and handy e

however filters have to be used-to sele th e desired lilt curingunit that work battderiy- erie aendtoall ilent
waveengh ad fote di~e~reson thre i ony lttleroo wil be:a bleThesedevice's ;nll very likely ofer'new

fore ipementh' will 
- .-- p6twhvin adlinhgeead. oncinwt

_-'lim iit rdcing cur(ing; tien dayi h near i future,,
ofleer th ee adanag ofarwbadlgtemsir, s-~Z

th roesofrdito gnrainisn&lne themall-The' - w- .. .... '~ -
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Effectiveness of battery powered
light activation units
A. C. Shortall, ODS, FDS, FFD,and E. Harrington, MD iSC,- FTC

The University of Birmingham, Schiool of Dentistry, St Chad's QOueensway,
Birmingham B4 6NN

Objective To investigate the effectiveness of chargeable light curing units
and their ability to sustain a high radiant output following successive dis-
charge cycles.

Setting University based reseaidhiinvestigation assessing the output
itensity of three battery powered light activation units and the effect of
successive discharge cycles, without intervening periods.df recharging, on

. light output and depth of cure of resin composite. r

Materials and methods Mean light intensity (mW/cm), through a 4 mm
aperture, was measured with a computer based radiometer. Two commer-
cially available resin composites (one hybrid and one microfilled resin)
were used for the depth of cure deteiminations using a digital penetrome-
ter.

Results Depths of cure were significantly greater for the hybrid resin corn-
posite. Output intensity diminished over the period of battery discharge
for two of the three units and this finding was paralleled in the depth of
cure results. The battery light units tested varied significand with regard
to their length of discharge cycle and recharge times from complete dis-
charge.

Conclusions Output iitensity diminishes over the period of battery dis-
charge for some makes of battery light units. However, many other fac-
tors including handpiece size and weight and unit cost and reliability are
important considerations when choosing a unit

Visible light cured composites have come to domi- sity and exposure duration all influence the depth
nate the deital market because of their advantages of cure.'
over chemically cured composites. However, light Modern visible light activation units are mostly
activated composites require adequate light inten- mains powered, and this has limited their versadi-
sity it the effective bandwidth to initiate polymeri- cy and convenience. Accordingly, a number of
sation, unlike chemically cured composites where manufacturers have marketed cordless or battery.
mixing the two components together brings about powered units. Little information is available
polymerisation, in bulk. Thus cure at thesurface:. aboue the effect that sequential irradiation withou
of a light activated composite is near maximal com-. & -rechargimg his on'the output mirensicyluiddeti th
pared withhedeepest-partrof th resoration of cure Piodi'cd bjthese units. Aconsiderible
Whee light inientiry is greal anuarLThis red excitance has been feported ,
property-of ligligaccvt d, composites has bfeen or successive1iidinations with ond Make of 
tered as depdh of c're an d has beenffoind argiabl li h cun unit.5 The aini of the cur
toimcrease inproportion to the loganti of the rent iivescgation firsdy to assess the effect of

-product of eth radiation oultput aid the exposure * successive discharge cycles, Aithointiervening
n ima;tIn riider to en-surelong termn cliniucess,, ,:reclig on zuliht'6utpi from- thre maksof

& 4 z I83 '95-laon pho to-cured composites (depend directly on the battery powered units aid the fuenceof any
n dr of olyerisaion d by light c - redluctioin ightmi ensity h depth of cure A4lain23.05.9 degree intte -he cur in se..

ped forPublicadon 221.96 Ing unit. 3lersize, resin shade, hghc source inten -ond bjective was to assess the effect f increasing
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light guide tip/composire surface distance on ligrh betweefi different light activation units can easily
inteniity and iepth of cuie The total dischirge be made and the mean ligh&tput over the entire
and recharge times for the batiey light uhits were .irradiation period iicaulated iising thecompute

also recorded. . program.
Radiation energy from the light activation units

Materials anrd methods .. as recorded throuiglh a 4 mmi'agercure in order to.
scandardise test conditions for different light acti-

Three battery light units 'andl a mains powered vation units and to relate light intensity to depth of
control light activation unit weretested (Table I cure. Depth of cure determinations were made on
All units. were tested new as supplied from the composite specimens cured in 4 mm diameter cavi-
manufacturers (fig. 1). The light activated compos- ties in stainless steel moulds. A 400-500 nm filter.
ites used in the depth of cure evaluations are listed was interposed between the light guide tip and the
inTablell. .o light sensing devic oallow recording of useful

curing energy only.' Light guide alignment rings
Ugi intensity were used to ensure accurate positioning relative to
Light.output from the light activation uni ts was the aperture. Mean light output (expressed in.
measured using a computer based radiomnecer. mW/cm) was established as described prv-.......... ..-... .. . ...... .
This equiipmrent has the advantage over comner- :.. Lously.6
cially availablehand held radiometers in that it
allows constant monitoring of the radiation enrgy Depth of cure
output over. the entire irradiation period. As this Depth of cire of the-composites was measured
device is.interfaced. to a computer, coinparison using a penetrometer technique.s This. method is .

similar to the scrape test described in standards, in
Table I The three bautery-rwered light activation units and that they both measure the height of the cylinder
the mains powered contro used in this study

of hardened material. The penetrometer applies a
Name Manufacturer . .. . constant force of 62 MPa thus favouring consisten-

Arcus Mk I. LitemaDental, Baden-Baden, Germany cy of results. The values presented for depth of
Vivalux Ivoclar-Vivadent, Schaan, Liechtenstein cure are half the height of hardened cylinder in line
Prolite T Dentsply, Weybridge, Surrey, UK with the ISO recommendation (ISO 4049: 1993).
Heliolux GTE Ivoclar-Vivadent, Schaan, Liechtenstein The composite was placed in 4 mm diameter cylin-
(Mains powered) drical mould cavities in stainless steel moulds. The

material was irradiated from the upper surface for
Table II The light-activated tetramicrohybrid and 40 s and light guide alignment rings were used to
microfilled resini composites used in this study ensure that the light guides were applied centrally
Material Batch Manufacturer and reproducibly. After removing the matrix strips

number the mould was inverted and positioned centrally

HeliomolarRO 560028 Ivoclar-Vivadent, beneath the indentor of the digital penetrometer to
Schaan, - assess the height of the cured cylinder 45 s after
Liechtenstein composite irradiation. Five determinations were

Tetrc 560017 Ivoclar-Vivadent, made in each case and means and standard devia-
Schaan,.
Liechtenstein tions obtained.

Measurement of radiation energy
SERIES 1: EFFECT OF REPEATED DISCHARGE
ON UGHT INTENSITY
Light output for the three cordless units and the
mains powered control unit was monitored
against time until all the battery units were corn-
pletely discharged. Battery units were discharged
using serial 40 s discharge cycles with one minute
intervals between each activation period. The same
timing was applied to the control unit and tests
were repeated to allow the mean of five complete
battery discharge cycles to be determined.

SERIES 2 EFFECT OF DISTANCE ON.LIGHT INTENSITY
In addition to noitoring lightoutput intensity at
zero distance pacer ngs of 1, 2, 3, 4, and 6 mm

Fig 1-The.Vivalux Acuid Prolice battery-iight. iei s thickness ire sed to assess the effect on oritput
ihownfroinleftto righ. - intensit oincreasingdisecweenthelight

:6 BRITISH DENTAL JOURNAL VOLUME 183 NUMBER3, AUGUST 9 1997
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giide tip and the measuringdevice correspoding investgation. The material used for i series of

to the surface of die material to be cured. For this .tests was a microfilledomposite (Heliomolar-

series of teisthe handpieces were replaced ini their, RO, Vivadenr, Schan, Liechtenstein). Tetramicro-

charger units to maintain full charge between light hybrid .'composite -(Tetric, Vivadent, . Schaan,

activations. Five dererminiations were made in each Liechtenstein) was also tested for depth of cuie at

case and means and standard deviationas obtained. the initialfiring from the fully charged condition.

Measurement of depth of cure SERIES4: EFfECT OF DISTANCE ON DEPTH OF CURE

SERIES 3: EFFECTOF REPEATED DISCHARGE Depths of cure values were obtained at increased

ON DEPTH OF. CURE . light guide/composite surface distances of 1, 2, 3 4

Depths of cureat zero distance, were repeated at and 6 mm. Five determinations were made in each

40 siuccessive discharge cycle intervals, without case and means and standard deviations obtained.

intervening recharging for those bartery.powered The battery light handpieces were replaced in their

units whose output intensity diminished during charger base .units between light activations to

battery discharge. As output intensity did not vary maintain the full charge condition for this seies of

significantly over the entire period of battery dis- tests.

charge for this unic depth of cure was only mea-
suired at the two extremes of time;,The sequence of Measurement of discharge and recharge times

light intensity readings and depth of cure evalua- The.total discharge time as well as the time taken

dons was rotated toallow for any possible deterio-. for each battery powered light unit to recharge

ration of light output over the period of the fully after ccmplete discharge was recorded and
means.and standard deviations calculated (n = 10

and 5)

350 ---------------- - Statistical analysis
Depth of cure data were analysed by one and

[r - - once two-way analysis of variance (ANOVA). Paired

250 group comparisons were made with Tukey tests at

A the 5% level of significance. Linear regression
20. ""' analysis was used to correlate light intensity find-

Arms 
ingsto depth of cure results.

Results
0 I- --

o B 200 00 400 Mon - Series I Effect of repeated discharge
nme(s) on light intensity

Fit2 Graphical display of mean output intensity versus time for all four Two of the three battery units displayed significant

lig t activation units. Battery light red without recharging until cor- reductions in light intensity over the period of bac-

pletely discharged. Intensity monitored over 40 s activation intervals with tery discharge (fig. 2). The third unit (the Prolite)

one minute rest periods between each activation. Five replications of each remained stable until complete battery discharge

complete discharge cycle made forall light units.. whereas light output for the mains powered unit

showed a slight reduction on repeated light activa-

tion for an equal time (fig. 2).

- .Series 2 Effect of distance on light intensityjse In general, light output decreased at increasing dis-
e- 3o tances from the measuring device (fig. 3) Three of

2so. the lights showed the greatest output intensity at

a zero distance With progressive reduction with

150 increasing distance. However the intensity for the

mivalux Was greatest at the.I mm distance and only

:. became significantly less (P < 0.05; one-way

- -,ANOVA) at distances of greater than 3 mmn (fig.

Ar and Series 3 Effec pf eated discharge
. n depth of cure

Fig. 3:Graphical displayofmean outputintensity at creasmng epth of cte of the microfilled composite fol-
distances (up to 6 min) froi the nicasurnngdvie for the four De th minensctmaitceam
-light activation uruis. Five'deteiminations nide fr each nan 1.di treduction clit intensity (at icreasing

everydis ance - of the Vivalux and:Acus units
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(Table Ill). The percentage reduction in depth of (fig. 4) and this difference was statistically signiti-
cure was however much less than the correspond-- cant (P <0.001; two-way ANOVA).

ing intensity decrease (fig. 2). The depth of cure of
the etramicrohybrid composite (at first 40 s acti- Series A Effect of distance on depth of cure

vaction from full charge) was approximately 40% Depths of cure (fig. 5) followed the pattern of out-

greater than the microfilled material with all lights: put intensity (fig. 3). Two-way ANOVA revealed .
that composite and light unit type were highly sig-

Table ll1 Depth of cure (mm) for the microfilled composite (Heliomo- nificant factors (P < 0.001) in regard to depth of

lar RO) at successive discharge tiinis for the three battery powered cure and their interaction was also highly signifi-

units and the mains powered conral . cant (P < 0.001). Linear regression analysis was

Discharge Heliolux Arcus vivalux Prolite . used to relate depth of cure findings at increasing

time (s)GTE distances to logle of the mean light intensity read-

0-40 2.28(0,02) 2.15 (0.02). . (0.02) .2.17 (0.02) ings. Coefficients of determination (R2. adjusted.

41-20 2.10(0.02) .. 0 .2702). . for degrees of freedom) for the four light activation.

.81-120. 2.08 (0.04) . 1.99 (0.01). units ianged from 93.3% for the Vivalux to 98.7%

121-160 2.03 (0.03) 1.98 (0.04) - fortheProliteunit.
161-200 .. 2.03 (0.02) 1.98 (0.02)

. .201-240 -. :2.00 (0.02) . 1.97 (0.03).

241-280 -1.00 (0.03) 1.96(0.02) )Discharge and recharge times

281-320 1.88 (0.01) 1.95 (0.03) Mean discharge and recharge times, and standard

321-360 . 1.90 (0.03) deviations, forthe three battery powered units are

601-640 . .2.17 (0.01) presented in Table. IV. Total discharge time was

n - Five replicate determinations. greatest for the Prolite and least for the Arcus unit

Figuresin parenchesesarestandarddeviations. While one of the three battery lights tested main-
Only cw setsof determinaions were made for the Prolite as outputiatcnsity tained its output intensity throughout the full bat-

did not diminish over the entire period of the discharge cycle. tery discharge cycle (the Prolite), this unit took the

greatest time to recharge fully.
354 Discussion
2 e . .Battery powered units offer the operator portabili-

2 .- y and convenience and are not subject to mains
voltage fluctuation.,' 0 Optimal output intensity
for a light unit in a given situation has not yet been
determined and many factors are involved includ-
ing material composition, increment thickness,
irradiation time, and tip/material distance. Inade-

a a. -W ,,... ore quate depth of cure will adversely effect restora-

gI W -tion longevity. The relationship of light intensity
0__ a I to the depth of cure of the composite is not direct.

Fig.4 Depth of cure (mm) for the microfilled and hybrid composite mate- However a linear relationship exists between
ria (40 s irradiation from Full charge) with each of the four light units. Val- depth of cure and the logo of the product of light
ues are the mean of five determinations in each case. intensity and irradiation time.12 Light intensity

may vary with time as some units have a slow

build-up of intensity whereas other units reach
their peak output almost instantaneously with a

2 gradual decline in output thereafter.' The comput-
er based radiometer used in this study allows light

1.5 output to be constantly monitored against time.
Significant changes in output intensity versus time

- Table IV Resulks of the discharge and recharge times
0.5 -. (minutes) for the battery light units evaluate

. .2 Light unit Discharge Recharge
a .. 4 a time (min) time(min)

Dis.mm.(m- O .. . Arcus 63 (0.1) 24.3 (1.1)

aert . arms a a Vialux 6.9 (0.2) 9.1 (0.9)

Prolite . 12.2 -:(0.5). 57. (2-5)

Fig. 5 Deptliofcure(nim) for the microfilled com osite tincres- 10replicaiedeterminationsfordischargind s=5for
ing light guide distances (up to 6 mm) with each of four light acti- rechigeimi.
vationunits Valuesare the mean of five determinations in each case. .. Figures iti reiithaes r&issandard devoa
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mation between the light guide tip and the material I -

In Brief surface is frequently impossible.
Three of the lights tested. yielded maxinum

Key messages: intensity at zero distance as expected. Output
intensity for the Vivalux unit, however, reached a

* Batterypowered light activationunits offer the operatorincreased maximum at 1 mm tip distance and did not fall

convenience. below the zero distance baseline value until) mm
distance was reached, which could be argued as

*They are idealfordomiciliaryvisits. being important clinically. This is different from
the normal pattern of reducing depth of cure at

* Output intensity and curing potential may reduce on repeat activa- increasing light guide distances as intensity pro-

tions without intervening recharging. gressively reduces. This output pattern may relate

to the convex profile of the light guide tip which is

* Many factors should be taken into consideration when choosing a unique to this unit; The design presumably alters

light curing unit including handpiece weight. the focussing characteristics of this guide's light
outpuL It is interesting to note that the manufac-
turer has reverted to a conventional flat ended
design of light guide tip in the mark II version of
this unit which has just been marketed.

were noted over the first 40 s discharge cycle for It has previously been reported that light incen-

two of the three battery units tested. (fig. 6). A sity decreases with increasing distance from the

spike or peak in output intensity was noted for the source in an approximately linear log distance/

Vivalux unit during the first discharge cycle peri- intensity relationships and this conclusion is sup-

od. According to the manufacturer, this unit has a ported by the findings of the current investigation

current regulator and once the power to the bulb for the three light units with conventional flat

stabilises, a relay closes and an additional surge of ended light guide tips. Many factors are involved

approximately 5% is supplied to the bulb. Current in choosing a light curing unit. Cost, convenience,

commercially available light meters (curing reliability, light intensity, portability, discharge and

radiometers) are limited in that they can only make recharge times, handpiece size (fig. 1). and weight
instant recordings of light output and are unable to are all important.' 9 A knowledge of the impor-
monitor output continuously against time? tance of these factors allows the individual practi-

The etramicrohybrid composite (Tetric) cured tioner to make an informed choice.

to a much greater depth than the rmicrofilled com-

posite (Heliomolar RO). Light attenuation and Conclusions
.scattering is greater for microfilled than hybrid
composites because the filler particles are closer in Battery powered lights vary significantly in respect

size to half the wavelength of the light (470 nm) to their length of discharge and recharge times.

which is optimal for camphorquinone activa- Output intensity diminished over the period of

tion.1314 Material composition is therefore an discharge for two of the three units tested. Material

important factor in regard to depth of cure. Light composition is a more important factor in regard
intensity has always been found to diminish as the to depth of cure than intensity reduction over the

light guide tip is positioned at greater distances manufacturer's recommended discharge cycle for

from the composite surface's-1s and close approxi- the units tested. The relationship between logio
intensity and depth of cure is linear in agreement
with the findings of previous investigations., 14m
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Did the application include a completed FORM FDA 3674, Certification with Requirements of
ClinicalTrials.gov Data. Bank?
(If not, then applicant must be contacted to obtain completed form.)
Does this device include an Animal Tissue Source?
All Pediatric Patients age<=21

Neonate/Newborn (Birth to 28 days)

Infant (29 days -<2 years old)

Child (2 years -< 12 years old)

Adolescent (12 years -< 18 years old)

Transitional Adolescent A (18 -,<21 years old) Special considerations are being given to thisgroup, different fromi adults age 21 (different device design or testing, different protocolprocedures,. etc.)

Rev. 7/2/07
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Transitional Adolescent B (18 -<= 21; No special considerations compared to adults => 21 years
old)

Nanotechnology

Is this device subject to the Tracking Regulation? (Medical Device Tracking Contact OC.
Guidance, http://www.fda.qov/cdrh/comp/quidance/169.html)

Regulation Number Class* Product Code

(*If unclassified, see 510(k) Staff)
Additional Product Codes:

Review:
(Branh hief) (ranch COde) (Date)

Final Review: ' Li/Il
Division Director) (Date)

Li
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SPECIAL 510(k): Device Modification
ODE Review Memorandum (Decision Making Document is Attached)

To: THE FILE RE: DOCUMENT NUMBER K110582

This 510(k) submission contains information/data on modifications made to the SUBMITTER'S own
Class II, Class Ill or Class I devices requiring 510(k). The following items are present and acceptable
(delete/add items as necessary):
1. The name and 510(k) number of the SUBMITTER'S previously cleared device. (For a

preamendments device, a statement to this effect has been provided.)

2. Submitter's statement that the INDICATION/INTENDED USE of the modified device as
described in its labeling HAS NOT CHANGED along with the proposed labeling which
includes instructions for use, package labeling, and, if available, advertisements or
promotional materials (labeling changes are permitted as long as they do not affect the
intended use).

3. A description of the device MODIFICATION(S), including clearly labeled diagrams,
engineering drawings, photographs, user's and/or service manuals in sufficient detail to
demonstrate that the FUNDAMENTAL SCIENTIFIC TECHNOLOGY of the modified
device has not changed.

This change was for see attached memo

4. Comparison Information (similarities and differences) to applicant's legally marketed
predicate device including, labeling, intended use, physical characteristics, and

see attached memo

5. A Design Control Activities Summary which includes:
a) Identification of Risk Analysis method(s) used to assess the impact of the modification

on the device and its components, and the results of the analysis
b) Based on the Risk Analysis, an identification of the verification and/or validation

activities required, including methods or tests used and acceptance criteria to be applied
c) A declaration of conformity with design controls. The declaration of conformity should

include:
i) A statement signed by the individual responsible, that, as required by the risk

analysis, all verification and validation activities were performed by the designated
individual(s) and the results demonstrated that the predetermined acceptance
criteria were met, and

ii) A statement signed by the individual responsible, that the manufacturing facility is
in conformance with design control procedure requirements as specified in 21 CFR
820.30 and the records are available for review.

6. A Truthful and Accurate Statement, a 510(k) Summary or Statement and the Indications for

Use Enclosure (and Class III Summary for Class III devices).

The labeling for this modified subject device has been reviewed to verify that the indication/intended use
for the device is unaffected by the modification. In addition, the submitter's description of the particular
modification(s) and the comparative information between the modified and unmodified devices
demonstrate that the fundamental scientific technology has not changed. The submitter has provided the
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VALO Cordless, K110582, Ultradent Products Inc.

design control information as specified in The New 510(k) Paradigm and on this basis, I recommend the
device be determined substantially equivalent to the previously cleared (or their preamendment) device.

(Reviewer's Signature) (Date)

Comments

see attached memo

revised:8/1/03

2
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DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM
Food and Drug Administration

Office of Device Evaluation
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

Premarket Notification [510(k)] Review
Special

K110582/S1

Date: April 27, 2011

To: The Record Office: ODE

From: Lauren Giles, Biomedical Engineer Division: DAGID

510(k) Holder: Ultradent Products Inc., of South Jordan, Utah

Device Name: VALO Cordless (K110582)

Contact: Ms. Diane Rogers

Phone: 1-801-553-4491

Fax: 1-801-553-4609

Email: diane.rogers@ultradent.com

1. Purpose and Submission Summary
Ultradent Products Inc., of South Jordan, Utah, has submitted a Premarket Notification (Special
510(k)) to modify a device currently in U.S. interstate commerce. VALO Cordless is a modified
version of VALO (K083647). VALO Cordless is a prescription Class II medical device regulated
under 21 CFR 872.6070 as an "Ultraviolet Activator for Polymerization." The VALO Cordless is
listed under product code EBZ.

The submission for VALO Cordless consists of an Introduction, Description, Indications for Use,
Substantial Equivalence, Truth and Accurate Statement, Special 510(k) Premarket Summary,
Statement of Indications for Use, Primary Labeling, Instructions for Use, Marketing
Strategy/Advertising, Primary Labeling and Instructions for Use for Predicate Device,
Summary of Design Control Activities, Design Requirements, Risk Analysis Methods, Testing
and test Methods, Declaration of Conformity with Design Controls, 60601 Testing and
Certifications, Software Requirement Specifications, ADA 48 Compliance, Biocompatibility and
Clinical Summary, and Literature Review. Supplement 1 (Sl) dated April 1, 2011 contains the
applicant's response to the previous deficiencies, revised 510(k) Summary, revised package
labeling, revised Instructions for Use, complete Form FDA 3654, and revised Software
Documentation. Amendment 1 dated April 18, 2011 contains the applicant's response previous
deficiencies, revised 510(k) Summary, Form FDA 3654 for ADA No. 27, and a statement the IFU
will be revised to reflect the correct Trade Name. The primary mode of action for this device is
emittance of LED light for the polymerization of light cured materials. The submission claims
substantial equivalence to VALO (K083647).
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VALO Cordless, K110582, Ultradent Products Inc.

The information submitted by Ultradent Products Inc., demonstrates that VALO Cordless has
the same indications and performance characteristics as a legally marketed device. VALO
Cordless is substantially equivalent (SE) to predicate LED light curing units.

The submission references the following standards or guidance documents and has provided
the appropriate Standards Data Report Form. In S1, the applicant provided both pages of the
form for IEC 60601-1 and ADA #48. In Al, the applicant provided Form FDA 3654 for ADA
#27.

Standard Standard Title Version Date
IEC 60601-1 Medical Electrical Equipment- Part 1: General 2004 12/15/2005

requirements for basic safety and essential
performance

ANSI/ADA Visible Curing Lights 2004 08/25/2004
Specification
#48
ANSI/ADA Resin Based Filling Materials (Section 7.7 1993
Specification only) (Depth of Cure test)
#27 1 1

II. Administrative Requirements

Indications for Use page (Indicate if: Prescription or OTC) X

Truthful and Accuracy Statement X-

510(k) Summary X

510(k) Statement X

Standards Form X

Risk analysis predetermined acceptance criteria met X

Manufacturing facility design control conformance X

| YES NO N/A
Required Elements for 510(k) Summary (21 CFR 807.92)

Clearly labeled "510(k) Summary" X
Submitter' s name, address, phone #, a contact X
person
Date the summary was prepared X
The name of the device/trade name/common X
name/classification name
An identification of the legally marketed Predicate X
Description of the subject device X
Statement of intended use(identical to indications for X
use)

2
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VALO Cordless, K110582, Ultradent Products Inc.

YES NO NIA
o if same, a summary of comparison of X

technological characters
0

If different, a summary of how do they compare X
o to the PredicateCD

Brief discussion of non-clinical data submitted, X
referenced, or relied on
Brief discussion of clinical data submitted, X

Mu referenced, or relied on, including:
* Description upon whom the devicea)

was tested,
* Data obtained from the tests and

especially:
4 Adverse events and complications
* Other information for SE

determination
Conclusion that data demonstrate SE X

Required Elements for 510(k) Statement (21 CFR 807.93)
Signed verbatim statement X

The submission provides a 510(k) Summary titled "Special 510(k) Premarket Summary". The
510(k) Summary is missing three section required under 21 CFR 807.92 to include the
technological summary, performance data discussion and a conclusion that the data
demonstrates SE. In addition, the description of the device is vague and non-descriptive.

In S1 dated April 1, 2011, the applicant provided a revised 510(k) Summary to include a
technological summary, performance data discussion and a conclusion that the data
demonstrates SE. In addition, the device description was expanded to include a description of
the curing modes and a list of the product components.

In Al dated April 18, 2011, the applicant provided a revised 510(k) Summary to include a bold
heading for the Product Description and a list of non-clinical data submitted in the
Performance Data section of the 510(k) Summary.

Ill. Device Description and Changes

Is the device life-supporting or life sustaining? X

Is the device an implant (implanted longer than 30 days)? X
Does the device design use software? X
Is the device sterile? X
Is the device reusable (not reprocessed single use) and are

X
"cleaning" instructions included for the end user?

3
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VALO Cordless, K110582, Ultradent Products Inc.

The submission for the VALO Cordless unit contains two major design changes from its
predicate VALO (K083647).

1. The VALO Cordless unit is provided cordless and is powered by two 3.2VDC
lithium iron phosphate (LiFePO4) batteries and uses the VALO Charger to
recharge the batteries. The VALO (KO83647) is powered using a 9V power cord
connection to a 90-240VAC wall outlet.

2. The VALO Cordless unit utilizes a curing mode called Xtra Power Mode. Xtra
Power Mode operates at a light intensity of 3200mW/cm2 and has only one time
selection of 3 seconds. This replaces the Plasma Pulse Power Cure mode
described in VALO (K083647). The Plasma Pulse Cure mode operates at a light
intensity of 4500mW/cm2 and has two time selections of 5/10 seconds. Both the
VALO Cordless and VALO have two other curing modes, the Standard Mode and
High Power mode with identical time selection and light intensity.

The submission describes the VALO Cordless as a dental light curing for the'polymerization of
light cured dental restoration materials and adhesives. The VALO Cordless contains four
components 1) one VALO Cordless curing light, 2) four Ultradent VALO rechargeable batteries,
3) one Ultradent VALO battery recharger with S/B medical grade 12VDC AC power adaptor,
and 4) fifty VALO Cordless Barrier Sleeves.

1) The VALO Cordless unit contains eleven modes but only three operating modes are
universally accessible. All curing modes operate at a wavelength range of 395nm-
480nm. Pressing and holding the Time Button for 2 seconds and releasing cycles
through the curing modes. Quickly pressing and releasing the Time Button cycles
through the time selection. Once the time and curing mode have been selected, quickly
pressing the Power Button begins the curing process

a. The default curing mode is Standard Mode. Standard Mode is indicated by a
solid green LED. Standard Mode operates at a light intensity of 1000mW/cm 2

and has a time selection of 5/10/15/20 seconds indicated by solid green LEDs.
b. The next mode is High Power Mode which is indicated by a solid orange LED.

High Power Mode operates at a light intensity of 1400mW/cm2 and has a time
selection mode of 1/2/3/4 seconds indicated by flashing green LEDs.

c. The final mode is Xtra Power Mode which is indicated by a flashing orange LED.
Xtra Power Mode operates at a light intensity of 3200mW/cm2 and has only one

time selection of 3 seconds indicated by flashing green LEDs.
2) The VALO Cordless unit utilizes two rechargeable, VALO 3.2VDC lithium iron

phosphate (LiFePO4) batteries. The batteries are placed positive side first into the distal
end of the VALO Cordless unit. The batteries should be recharged every 1-2 weeks,
however a flashing red LED on the VALO Cordless unit indicates low batteries and the
need for charging. If the batteries become too low in the VALO Cordless unit, three
audible beeps warning will sound and the unit will not operate. The batteries can be
recharged approximately 1000-2000 times before wearing out. The submission list
authorized alternative batteries that can be used in the VALO Cordless unit.

3) The VALO Charger is a 3.6VDC lithium iron phosphate battery charger and comes with
a 12VDC, AC Power Adaptor. The charger can independently charge two VALO
batteries. A green LED indicates if the when there in no battery in the slot and also
indicates if the battery is fully charged. A red LED indicates the battery is charging.
The battery should be placed in the charger with the positive end towards the LED and
takes approximately an hour to charge. The submission list authorized alternative

4
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chargers that can be used with the authorized rechargeable batteries.
4) The submission states that the VALO Cordless unit includes fifty VALO Cordless Barrier

Sleeves. In SI dated April 1, 2011, the applicant stated the barrier sleeves are comprised
of polyethylene-low density (CAS #: 9002-88-4).

IV. Indications for Use
VALO Cordless is source of illumination for curing photo-activated dental restorative materials
and adhesives.

The Indications for Use is identical to its predicate, VALO (K083647).

V. Labeling
Included in the submission is primary labeling and instruction for use. The primary labeling
contains the "Rx" symbol required by 21 CFR 801.109 and additional symbols defined in the

instructions for use.

The Instructions for Use contains sections for Product Information, Product
Components, Overview of Controls, Instructions for Use, Changing and Charging

Batteries, Quick Mode Guide, Quick Cure Guide, Quick Warning Guide, Maintenance
and Cleaning, Troubleshooting Guide, Technical Information, and Warranty. The
Instructions for Use contains appropriate Warnings'and Cautions regarding the high
intensity, use of the batteries, and cleaning.

In S1 dated April 1, 2011, the applicant provided revised Instructions for Use. The revisions
include instruction for proper placement of the barrier sleeves with appropriate warning
statements and removal of references to Xtra Power Pulse.

In Al dated April 18, 2011 the applicant provided a signed statement stating the Instructions
for Use will be revised to include the correct trade name, VALO Cordless.

VI. Sterilization/Shelf LifelReuse
The VALO Cordless is provided non-sterile and is not intended to be sterilized. A VALO
Cordless brand barrier sleeve is intended to be place in the VALO Cordless prior to use. The
VALO Cordless should be wiped down using gauze or soft cloth with an anti-microbial surface
disinfectant. The Instructions for Use provides a list of acceptable and non-acceptable cleaners.

VII. Biocompatibility
The submission states that biocompatibility testing is not necessary for this device because it
does not come in direct or indirect contact with oral tissue.

5
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VIII. Software
Version: Version 2.6

Level of Concern: MINOR

Software description: X

Device Hazard Analysis: X
Software Requirements Specifications: X
Architecture Design Chart:
Design Specifications:
Traceability Analysis/Matrix: X
Development:
Verification & Validation Testing: X
Revision level history: X

Unresolved anomalies:

All software documentation required for a device of minor level of concern is included in the
submission. The software for the VALO Cordless used a microprocessor (Microchip 40pin QFP
PIC16F887). The device hazard analysis was determined to be low or none. Software
verification and validation testing was conducted on each of the curing modes using an
identical criterion utilized in the predicate. The software passed all verification and validation
testing. As of 2/15/2011 the software is on version 2.6, Code UltraBV28.

In S1 dated April 1, 2011, the applicant provided revised software documentation. The
applicant added a note to the Traceability Analysis that the desired radiant exitance for each
curing mode was measured and achieved with the barrier sleeve on. In addition, the applicant
software version (2.6) and Firmware Code (UltraBV28) used for software verification and
validation testing.

IX. Electromagnetic Compatibility and Electrical, Mechanical and Thermal
Safety

Testing was conducted on the VALO Cordless by Nemko-CCL Testing Laboratories in
accordance with IEC 60601-1. The submission states the VALO Cordless passed all electrical,
mechanical and safety requirements of IEC 60601-1. Test Reports are included in the
submission. The VALO Cordless has a thermometer and will not allow operation if
temperatures exceed 50 0 C. Temperature must cool down to 45oC before operation is allowed to
continue.

X. Performance Testing - Bench
Testing was conducted on the VALO Cordless for ANSI/ ADA Specification No. 48. ADA 48 is
FDA recognized (recognition number 4-139). This standard requires that the VALO Cordless
pass the following parameters: 1) cleaning and disinfection, 2) excessive temperatures, 3)
radiant exitance, and 4) electrical requirements.

1) IEC 60601-1 standard for cleaning and disinfection was unitized in fulfilling the
cleaning and disinfection requirement of ADA 48. The IEC 60601-1 requirement states

6
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that the equipment must be capable of withstanding cleaning, sterilization, or
disinfection without deterioration of safety provisions. Test report provided in the
submission states this test was passed.

2) IEC 60601-1 standard for excessive temperatures was unitized in fulfilling the excessive
temperatures requirement of ADA 48. IEC 60601-1 requirement that the equipment
does not exceed a given value over a range of ambient temperature specified in the
standard. Test report provided in the submission states this test was passed.

3) Radiant Exitance is defined as radiant power (W) divided by optical area (m2). The
ADA 48 Standard specifies the allowable exitance and a given range of wavelength
band. Radiant Exitance for the VALO Cordless was measure and calculated in
compliance with ADA 48. Test report provided in the submission states this test was
passed.

4) IEC 60601-1 standards for electrical requirements was unitized in fulfilling electrical
requirements of ADA 48. IEC 60601-1 test reports included in the submission state the
VALO Cordless passed all electrical requirements for IEC 60601-1.

The submission states the VALO Cordless passed all ANSI/ ADA Specification No. 48 testing.

In S1 dated April 1, 2011, the applicant provided depth of cure testing is comparison to VALO
(K083647). Testing was conducted on standard mode for 20 seconds. Depth of cure testing was
conducted in accordance to ADA Specification No. 27.

The chart below details the results:
VALO (K083647) VALO Cordless

Total Depth Total Depth/2 Total Depth Total Depth/2
11.23 5.615 11.14 5.570
12.07 6.035 11.72 5.860
11.62 5.810 11.99 5.995

Mean Depth 5.82 Mean Depth 5.81

Reference Depth 5.82 Depth Tolerance ±2% PASS
(±0.1mm)

The EMC testing conducted above demonstrates that the VALO Cordless would most like
perform according to the design specification under conditions of electric and/or magnetic
disturbance. In addition, thermal safety testing demonstrates the device helps prevent
overheating with thermostat protection encoded into the firmware, thus decreasing the
potential for burns. The software verification and validation testing verified inputs and
outputs of the device meet the specifications of the Design Controls. To demonstrate
equivalent curing performance, the applicant provided depth of cure testing that verified the
light intensity output of the VALO Cordless is equivalent to that of VALO. The bench testing
demonstrates that VALO Cordless has equivalent performance standards to VALO despite the
changes in the technological characteristics.

XI. Performance Testing - Animal
The submission does not contain any animal testing. The intended use, device design, and
bench testing demonstrate VALO Cordless is equivalent to predicate VALO (K083647).
Therefore, animal testing is not applicable.

7
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XII. Performance Testing - Clinical
The submission does not contain any clinical testing. The intended use, device design, and
bench testing demonstrate VALO Cordless is equivalent to predicate VALO (K083647). In
addition, the submission provides eleven literature articles to demonstrate the clinical
evaluation of the safety and effectiveness of LED curing lights. Therefore, clinical testing is not
applicable.

XIII. Predicate Device Comparison
The submission claims the VALO Cordless is substantially equivalent to its predicate, VALO
(K083647). The chart below compares the two devices (for this chart VALO Scout = VALO
Cordless)

8

15

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



VALO Cordless, K110582, Ultradent Products Inc.

Characteristic -Aspect VALO" VALO" SCOUT Equivalence

Purpose quivalent

Ergonomics ubstantial Equivalence

Standard Power Made quivalent
1. Power Output ee Technical Information below
2. Spectrum 
3, Timing Intervals 

High Power Mode quivalent
1. Power output ee Technical Information below
2. Spectrum 
3. Timing Intervals 

Ktra (Plasma) Power Mode Equivalent
1. Power Output ee Technical Information below
2. Spectrum 
3. Timing Intervals 

Main Power LED Equivalent
ED Inadiance is calibrated to the
ame output levels using the same
ED from the same manufacturer

Curing head structure Equivalent
1. Optical lensing (sarne
2. Light focusing (same) Optical lensing, ficus, power LED,
3. Mechanical (same) nd mechanical retention of the
4. Power LED(same) ower LEDareIdentical. Parts are

nterchangeable.

Button Switch placement quivalent
Tiing indicator LED placement Equivalent
Mode indicator LED placement Equivalent
Sody Materials: wand and panel Equivalent

Circuit Board: Precision current control Substantial Equivalence
1. Microprocessor 
2. DC-DC booster VALO" SCOUTcircuit board Includes
3. Inductor all aspect of its predicate VALO
4. Regulator plus the capacity to sense
S. Current sensing mechanism temperature and motion.
6. Current feed-back loop 

feedback current loops and sensing
7. Amplifiers circuitry are the same.
9. DAC 
9. Indicator LEDs Power circuitry has teen
10. Sonalert strengthened to handle lower
11. Switches voltages and heavier current draws
12. IR communication chp from batteries.
13. Temperature sensing 
14. Motion sensing 

Firmware Code Version Substantial Equivalence
1. Function 

VALO" SCOUT fkmnware Includes all
2. Modes aspects of the predicate VALO"m
3. Tining intervals fIrmware plus new capacity to sense
4. ADC/DAC data use temperature and motion and to give
5, IR communication data more informative warnings.
5. Serial communication data 
7. Low power warning 
B. Power safety shut down 
9. Calibration method 

9
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Input Power Substantial Equivalence

I. Range 
2. Power source VAI'M SCOUT poser circuitry

3, Power delivery was enhanced forhighercirrent and

4 Fusing is capable of using the 9VDC
medical grade povcr supply of the
VAIO.' with an accessnry adapoi.

Technical Information VALO" and VALO'" SCOUT LED Curing Light

Wavelength range 

10
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XIV. Substantial Equivalence Discussion
Yes No

1. Same Indication Statement? X If YES = Go To 3

2. Do Differences Alter The Effect Or Raise If YES = Stop NSE
New Issues of Safety Or Effectiveness?

3. Same Technological Characteristics? X If YES =Go To 5

4. Could The New Characteristics Affect X If YES= Go To 6
Safety Or Effectiveness?

5. Descriptive Characteristics Precise If NO = Go To 8
Enough? If YES = Stop SE

6. New Types Of Safety Or Effectiveness X If YES = Stop NSE
Questions?

7. Accepted Scientific Methods Exist? X If NO = Stop NSE

8. Performance Data Available? X I f NO = Request Data

9. Data Demonstrate Equivalence? X Final Decision: SE

Note: See
httn//eroom.fdacnov/eRoomReq/Files/CDRH3/CDRHPremarketNotification5lOkProgram/0 4148/FLOWC
HART%20DECIS10N%20TREE%20.DOC for Flowchart to assist in decision-making process. Please
complete the following table and answer the corresponding questions. "Yes" responses to questions 2, 4,
6, and 9, and every "no" response requires an explanation.

1. Explain how the new indication differs from the predicate device's indication:
2. Explain why there is or is not a new effect or safety or effectiveness issue:
3. Describe the new technological characteristics: see paragraph below.
4. Explain how new characteristics could or could not affect safety or effectiveness: see paragraph

below
5. Explain how descriptive characteristics are not precise enough: see paragraph below
6. Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:
7. Explain why existing scientific methods can not be used:
8. Explain what performance data is needed: see paragraph below
9. Explain how the performance data demonstrates that the device is or is not substantially equivalent:

see paragraph below

The IFUS for VALO Cordless is identical to VALO (K083647) as required for a special 510(k)
submission. However, the technological characteristics of the VALO Cordless differ to that of

VALO. The primary technological differences are the power source of the handpiece and

firmware modifications. The VALO Cordless utilizes 2 VALO 3.2VDC lithium iron phosphate
(LiFePO4) batteries and contains additional firmware coding to prevent overheating of the

handpiece as well as motion detection for power saving mode3 . The batteries could affect the

EMC susceptibility of the device, generate extra heat to the device, and require appropriate

warning and instructions. If the firmware is defective, there is a potential for burns and

inadequate performance of the device4 . No new questions of safety or effectiveness are raised

and are concerns that have been addressed in predicate light curing devices6. Since the VALO

Cordless operates using a battery source and the Xtra Power Mode operates at a light intensity

11
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of 3200mW/cm2, the following performance data is needed and was provided by the applicant

to determine substantial equivalence to VALO: EMC testing according to IEC 60601-1, software

verification and validation documentation, and comparative depth of cure testing8. The

performance data demonstrates the EMC safety of the VALO Cordless, the firmware operates

according to the design specification, and the curing ability of the VALO Cordless is equivalent

to the VALO9. The information contained in this submission demonstrates the substantial

equivalence of this device to predicate ultraviolet activator for polymerization.

XV. Contact History

12
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VALO Cordless, K110582, Ultradent Products Inc.
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VALO Cordless, K110582, Ultradent Products Inc.
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VALO Cordless, K110582, Ultradent Products Inc.

XVI. Recommendation
Regulation Number: 21 CFR 872.6070
Regulation Name: Ultraviolet Activator for Polymerization
Regulatory Class: Class II
Product Code: EBZ

Reviewer Date
Lauren M. Giles, B.S. B.M.E
Biomedical Engineer

Branch Review
M. Susan Runner, D.D.S., M.A.
Branch Chief Dental Devices

15
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Giles, Lauren

From: Diane Rogers [Diane.Rogers@ultradent.com],

Sent: Monday, April 18, 2011 2:57 PM

To: Giles, Lauren

Subject: RE: VALO Cordless K1 10582

Attachments: Response to FDA VALO Cordless.pdf

Dear Lauren,

Thanks very much,
Kind regards,
Diane...

WIULTRADENT
"lmproving Oral Health Globally"

Diane Rogers
Regulatory Affairs Manager
P: 801.553-4491
M: 801-201-7144
F: 801-553-4609

From: Giles, Lauren [mailto:Lauren.Giles@fda.hhs.gov]
Sent: Friday, April 15, 2011 9:29 AM
To: Diane Rogers
Subject: RE: VALO Cordless K110582

Ms Rogers,

Please contact me with questions or concerns.

Sincerely,

Lauren Giles
FDA/ODE/DAGID/DEDB
phone: 301-796-9552

From: Giles, Lauren
Sent: Thursday, April 14, 2011 4:27 PM
To: 'Diane Rogers'

4/26/2011 33

(b) (4)

(b) (4)
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Subject: RE: VALO Cordless K110582

Ms Rogers,

Lauren Giles
FDA/ODE/DAGID/DEDB
phone: 301-796-9552

From: Diane Rogers [mailto:Diane.Rogers@ultradent.com]
Sent: Wednesday, April 06, 2011 3:25 PM
To: Giles, Lauren
Subject: RE: VALO Cordless K110582

Dear Lauren,
Thanks for the update and your review.
Kind regards,
Diane...

WWWLLTFIADENT
'Improving Oral Health Globally"

Diane Rogers
Regulatory Affairs Manager
P: 801,553-4491
M: 801-201-7144
F: 801-553-4609

From: Giles, Lauren [mailto:Lauren.Giles@fda.hhs.gov]
Sent: Wednesday, April 06, 2011 1:19 PM
To: Diane Rogers
Subject: RE: VALO Cordless K110582

Ms. Rogers,

I have recieved the supplement information. The information is currently under review. I will contact you if any
concerns arise during my review.

Sincerely,

4/26/2011 v

(b) (4)
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Lauren Giles
FDA/ODE/DAGID/DEDB
phone: 301-796-9552

From: Diane Rogers [mailto:Diane.Rogers@ultradent.com]
Sent: Wednesday, April 06, 2011 12:47 PM
To: Giles, Lauren
Subject: RE: VALO Cordless K110582

Dear Lauren,
I just wanted to get in touch with you to see how your review of K110582 is going along. Do you expect we'll
have clearance on it this week?
Thanks,
Kind regard,
Diane...

NULTRtADENT
"Improving Oral Health Globally"

Diane Rogers
Regulatory Affairs Manager
P: 801.553-4491
M: 801-201-7144
F: 801-553-4609

From: Giles, Lauren [mailto:Lauren.Giles@fda.hhs.gov]
Sent: Thursday, March 31, 2011 10:42 AM
To: Diane Rogers
Subject: RE: VALO Cordless K110582

Ms. Rogers,

The documents are under review. I will response as soon as possible.

Sincerely,

Lauren Giles
FDA/ODE/DAGIDIDEDB
phone: 301-796-9552

From: Diane Rogers [mailto:Diane.Rogers@ultradent.com]
Sent: Wednesday, March 30, 2011 6:37 PM
To: Giles, Lauren
Subject: VALO Cordless K110582

Dear Lauren,

4/26/2011 

(b) (4)

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Page 4 of 4

Thanks very much,
Kind regards,
Diane..

HWWULITRADENT
'Improving Oral Health Globally"

Diane Rogers
Regulatory Affairs Manager
P: 801.553-4491
M: 801-201-7144
F: 801-553-4609

Email Policy - Unauthorized review, use, disclosure, or distribution of this e-mail is strictly prohibited.
This e-mail transmission, and any documents, files or previous e-mail messages attached to it, is
intended solely for the individual or individuals to whom it is specifically addressed. If the recipient of
this email is not the intended recipient, do not read, copy or distribute it or any of the information it
contains. Please delete it immediately and notify us by return email or by telephone 801.572.4200.

Email Policy - Unauthorized review, use, disclosure, or distribution of this e-mail is strictly prohibited.
This e-mail transmission, and any documents, files or previous e-mail messages attached to it, is
intended solely for the individual or individuals to whom it is specifically addressed. If the recipient of
this email is not the intended recipient, do not read, copy or distribute it or any of the information it
contains. Please delete it immediately and notify us by return email or by telephone 801.572.4200.

Email Policy - Unauthorized review, use, disclosure, or distribution of this e-mail is strictly prohibited.
This e-mail transmission, and any documents, files or previous e-mail messages attached to it, is
intended solely for the individual or individuals to whom it is specifically addressed. If the recipient of
this email is not the intended recipient, do not read, copy or distribute it or any of the information it
contains. Please delete it immediately and notify us by return email or by telephone 801.572.4200.

Email Policy - Unauthorized review, use, disclosure, or distribution of this e-mail is strictly prohibited.
This e-mail transmission, and any documents, files or previous e-mail messages attached to it, is
intended solely for the individual or individuals to whom it is specifically addressed. If the recipient of
this email is not the intended recipient, do not read, copy or distribute it or any of the information it
contains. Please delete it immediately and notify us by return email or by telephone 801.572.4200.

4/26/2011
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Giles, Lauren

From: Diane Rogers [Diane.Rogers@ultradent.com
Sent: Tuesday, April 26, 2011 2:04 PM

To: Giles, Lauren
Subject: RE: VALO Cordless K110582

Thanks Lauren!

RliULT RADENT

"lmproving Oral Health Globally"

Diane Rogers
Regulatory Affairs Manager
P: 801.553-4491
M: 801-201-7144
F: 801-553-4609

From: Giles, Lauren [mailto:Lauren.Giles@fda.hhs.gov]
Sent: Tuesday, April 26, 2011 11:59 AM
To: Diane Rogers
Subject: RE: VALO Cordless K110582

Ms. Rogers,

The response appears to be fine.

Thanks,

Lauren Giles
FDA/ODE/DAGID/DEDB
phone: 301-796-9552

From: Diane Rogers [mailto:Diane.Rogers@ultradent.com]
Sent: Tuesday, April 26, 2011 12:09 PM
To: Giles, Lauren
Subject: RE: VALO Cordless K110582

Dear Lauren,

Thanks very much for the explanation.
Kind regards,
Diane...

Installing Hygienic Barrier Sleeves

4/26/2011

(b) (4)
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ffULTRADENT
"Improving Oral Health Globally"

Diane Rogers
Regulatory Affairs Manager

4/26/2011

(b) (4)
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P: 801.553-4491
M: 801-201-7144
F: 801-553-4609

From: Giles, Lauren [mailto:Lauren.Giles@fda.hhs.gov]
Sent: Tuesday, April 26, 2011 9:53 AM
To: Diane Rogers
Subject: VALO Cordless K110582

Ms. Rogers,

Sincerely,

Lauren Giles
Biomedical Engineer/Reviewer
FDA/ODE/DAGID/DEDB
10903 New Hampshire Avenue
W066 -Rm. 2546
Silver Spring, MD 20993
phone: 301-796-9552
fax: 301-847-8109
Lauren.Giles@fda.hhs.ov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS
ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRI VILEGED,
CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the
addressee, or a person authorized to deliver the document to the addressee, you are hereby notified that
any review disclosure, dissemination, copying, or other action based on the content of this
communication is not authorized. If you have received this document in error, please immediately notifit
us by email or telephone.

Email Policy - Unauthorized review, use, disclosure, or distribution of this e-mail is strictly prohibited.
This e-mail transmission, and any documents, files or previous e-mail messages attached to it, is
intended solely for the individual or individuals to whom it is specifically addressed. If the recipient of
this email is not the intended recipient, do not read, copy or distribute it or any of the information it
contains. Please delete it immediately and notify us by return email or by telephone 801.572.4200.

Email Policy - Unauthorized review, use, disclosure, or distribution of this e-mail is strictly prohibited.
This e-mail transmission, and any documents, files or previous e-mail messages attached to it, is
intended solely for the individual or individuals to whom it is specifically addressed. If the recipient of

this email is not the intended recipient, do not read, copy or distribute it or any of the information it
contains. Please delete it immediately and notify us by return email or by telephone 801.572.4200.

4/26/2011
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Food and Drug Administration
Office of Device Evaluation&
Office of in Vitro Diagnostics

.... COVER SHEET MEMORANDUM

From: Reviewer Name
Subject: 510(k) Number \ 0
To: The Record

Please list CTS decision code
0 Refused to accept (Note: this is considered the first review cycle, See Screening Checklist

http://eroom.fda._ov/eRoomReo/Files/CDRH3/CDRHPremarketNotification5lOkProgram/0 5631/Screenin%2OChecklist%207%202%2007.doc )
KHold (Additional Information o hone Hold
O Final Decision (SE, SE with Limitations thdrawn, etc.).

Please complete the following for a final clearance decision (i.e., SE, SE with Limitations, etc.):
Indications for Use Page Attach IFU
510(k) Summary /510(k) Statement Attach Summary
Truthful and Accurate Statement, Must be present for a Final Decision
Is the device Class Ill?
If yes, does firm include Class Ill Summary? Must be present for a Final Decision
Does firm reference standards?

(If yes, please attach form from http://www.fda.qov/opacom/morechoices/fdaforms/FDA-
3654.pdf)

Is this a combination product?
(Please specify category - see
http://eroom.fda.oov/eRoomRea/Files/CDRH3/CDRHPremarketNotification5lOkProaram/0 413blCO
MBINATION%20PRODUCT%20ALGORITHM%20(REVISED%203-12-03).DOC

Is this a reprocessed single use device?
(Guidance for Industry and FDA Staff - MDUFMA - Validation Data in 510(k)s for

-.RP2ssdSingle-Use Medical Devices, http://www.fda.pov/cdrh/ode/quidance/1 216.html)
Is this device intended for pediatric use only?
Is this a prescription device? (If both prescription & OTC, check both boxes.)
Did the application include a completed FORM FDA 3674, Certification with Requirements of
ClinicalTrials.gov Data Bank?
Is clinical data necessary to support the review of this 510(k)?
Did the application include a completed FORM FDA 3674, Certification with Requirements of
ClinicalTrials.gov Data Bank?
(If not, then applicant must be contacted to obtain completed form.)
Does this device include an Animal Tissue Source?
All Pediatric Patients agec=21
Neonate/Newborn (Birth to 28 days)
Infant (29 days-c 2 years old)
Child (2 years-< 12 years old)

Adolescent (12 years -< 18 years old)

Transitional Adolescent A (18 - <21 years old) Special considerations are being given to this
group, different from adults age 2 21 (different device design or testing, different protocol
procedures, etc.)

Rev. 7/2/07
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Transitional Adolescent B (18 -< 21; No special considerations compared to adults => 21 years
old)

Nanotechnology

Is this device subject to the Tracking Regulation? (Medical Device Tracking Contact OC.
Guidance, http://www.fda.ov/cdrh/comp/quidance/169.htm)

Regulation Number Class* Product Code

(If unclassified, see 510(k) Staff)
Additional Product Codes:

Review:
(Branch Chie (Branch'Coce) (Date)

Final Review: r- Pa
(Division Director) (Date)
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5 10(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

New Device is Compared to A
Marketed Device *

Descriptive Information Does New Device Have Same NO Do the Differences Alter the Intended Not Substantially
about New or Marketed Indication Statement? I Therapeutic/Diagnostic/etc. Effect YES Equivalent Determination
Device Requested as Needed (in Deciding, May Consider Impact on

YES Safety and Effectiveness)?*

New Device Has Same Intended NO
Use and May be "Substantially Equivalent" NH

New Device Has 0

4 INew 
Intended Use

Does New Device Have Same
Technological Characteristics, NO Could the New
e.g. Design, Materials, etc.? I Characteristics Do the New Characteristics

YES Affect Safety or - o Raise New Types ofSafety YES

Effecti eness? or Effectiveness Questions?

NO Are the Descriptive NO
Characteristics Precise Enough NO

NO 
to Ensure Equivalence? 4

- Are Performance Data Do Accepted Scienlific
Available to Asses Equivalence? YES Methods Exist for

Assessing Effects of NO
the New Characteristics?

YES
YES

Performance Are Performance Data Available NO
Data Required To Assess Effects of New

Characteristics? ***

JYES

Performance Data Demonstrate Performance Data Demonstrate
Equiv lence? I-- -00 Q Equivalence?

NO YES YES . NO

'Substantially Equivalent'
To Determination To

510(k) Submissions compare new-devices to marketed devices. FDA requests additional information if the relationship between
marketed and "predicate" (pre7Amendments or reclassified post-Amendments) devices is unclear.

This decision is normally based on descriptive information alone, bit limited testing information is sometimes required

Data maybe in the 5 10k), other 510(k)s, the Center's classification files, or the literature.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM
Food and Drug Administration

Office of Device Evaluation
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

Premarket Notification [510(k)] Review
Special

Telephone Hold

K110582

Date: 23 March 2011

To: The Record Office: ODE

From: Lauren Giles, Biomedical Engineer Division: DAGID

510(k) Holder: Ultradent Products Inc., of South Jordan, Utah

Device Name: VALO Cordless (K110582)

Contact: Ms. Diane Rogers

Phone: 1-801-553-4491

Fax: 1-801-553-4609

Email: diane.rogers@ultradent.com

1. Purpose and Submission Summary
Ultradent Products Inc., of South Jordan, Utah, has submitted a Premarket Notification (Special
510(k)) to modify a device currently in U.S. interstate commerce. VALO Cordless is a modified
version of VALO (K083647). VALO Cordless is a prescription Class II medical device regulated
under 21 CFR 872.6070 as an "Ultraviolet Activator for Polymerization." The VALO Cordless is
listed under product code EBZ.

The submission for VALO Cordless consists of an Introduction, Description, Indications for Use,
Substantial Equivalence, Truth and Accurate Statement, Special 510(k) Premarket Summary,
Statement of Indications for Use, Primary Labeling, Instructions for Use, Marketing
Strategy/Advertising, Primary Labeling and Instructions for Use for Predicate Device,
Summary of Design Control Activities, Design Requirements, Risk Analysis Methods, Testing
and test Methods, Declaration of Conformity with Design Controls, 60601 Testing and
Certifications, Software Requirement Specifications, ADA 48 Compliance, Biocompatibility and
Clinical Summary, and Literature Review. The primary mode of action for this device is
emittance of LED light for the polymerization of light cured materials. The submission claims
substantial equivalence to VALO (K083647).

Records processed under FOIA Request # 2015-2945; Released by CDRH on 11-30-2015
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The submission references the following standards or guidance documents.
Standard Standard Title Version Date

IEC 60601-1 Medical Electrical Equipment- Part 1: General 2004. 12/15/2005
requirements for basic safety and essential
performance

ANSI/ADA Visible Curing Lights 2004 08/25/2004
Specification
#48

II. Administrative Requirements

Indications for Use page (Indicate if: Prescription or OTC) X

Truthful and Accuracy Statement X

510(k) Summary X
510(k) Statement

Standards Form X
Risk analysis predetermined acceptance criteria met X

Manufacturing facility design control conformance X

YES NO NIA
Required Elements for 510(k) Summary (21 CFR 807.92)

Clearly labeled "510(k) Summary" - X
Submitter' s name, address, phone #, a contact X
person
Date the summary was prepared X
The name of the device/trade name/common X
name/classification name
An identification of the legally marketed Predicate X
Description of the subject device X
Statement of intended use(identical to indications for X
use)
o if same, a summary of comparison of X
0) technological characters
0

If different, a summary of how do they compare X
o to the Predicate
1-

Brief discussion of non-clinical data submitted, X
referenced, or relied on

c Brief discussion of clinical data submitted, X
E ' referenced, or relied on, including:

* Description upon whom the device
was tested,

* Data obtained from the tests and

2
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YES NO NIA

especially:
* Adverse events and complications
* Other information for SE

determination
Conclusion that data demonstrate SE X

Required Elements for 510(k) Statement (21 CFR 807.93)

Signed verbatim statement

The submission provides a 510(k) Summary titled "Special 510(k) Premarket Summary". The
510(k) Summary is missing three section required under 21 CFR 807.92 to include the
technological summary, performance data discussion and a conclusion that the data
demonstrates SE. In addition, the description of the device is vague and non-descriptive.

Ill. Device Description and Changes

Is the device life-supporting or life sustaining? X
Is the device an implant (implanted longer than 30 days)? X
Does the device design use software? X
Is the device sterile? X

Is the device reusable (not reprocessed single use) and are X
"cleaning" instructions included for the end user?

The submission for the VALO Cordless unit contains two major design changes from its
predicate VALO (K083647).

1. The VALO Cordless unit is provided cordless and is powered by two 3.2VDC
lithium iron phosphate (LiFePO4) batteries and uses the VALO Charger to
recharge the batteries. The VALO (K083647) is powered using a 9V power cord
connection to a 90-240VAC wall outlet.

2. The VALO Cordless unit utilizes a curing mode called Xtra Power Mode. Xtra
Power Mode operates at a light intensity of 3200mW/cm2 and has only one time
selection of 3 seconds. This replaces the Plasma Pulse Power Cure mode
described in VALO (K083647). The Plasma Pulse Cure mode operates at a light
intensity of 4500mW/cm2 and has two time selections of 5/10 seconds. Both the
VALO Cordless and VALO have two other curing modes, the Standard Mode and
High Power mode with identical time selection and light intensity.

The submission describes the VALO Cordless as a dental light curing for the polymerization of
light cured dental restoration materials and adhesives. The VALO Cordless contains four
components 1) one VALO Cordless curing light, 2) four Ultradent VALO rechargeable batteries,
3) one Ultradent VALO battery recharger with S/B medical grade 12VDC AC power adaptor,
and 4) fifty VALO Cordless Barrier Sleeves.

1) The VALO Cordless unit contains eleven modes but only three operating modes are
universally acessible. All curing modes operate at a wavelength range of 395nm-
480nm. Pressing and holding the Time Button for 2 seconds and releasing cycles

3
90
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through the curing modes. Quickly pressing and releasing the Time Button cycles
through the time selection. Once the time and curing mode have been selected, quickly
pressing the Power Button begins the curing process

a. The default curing mode is Standard Mode. Standard Mode is indicated by a
solid green LED. Standard Mode operates at a light intensity of 1000mW/cm 2

and has a time selection of 5/10/15/20 seconds indicated by solid green LEDs.
b. The next mode is High Power Mode which is indicated by a solid orange LED.

High Power Mode operates at a light intensity of 1400mW/cm 2 and has a time
selection mode of 1/2/3/4 seconds indicated by flashing green LEDs.

c. The final mode is Xtra Power Mode which is indicated by a flashing orange LED.
Xtra Power Mode operates at a light intensity of 3200mW/cm 2 and has only one
time selection of 3 seconds indicated by flashing green LEDs.

2) The VALO Cordless unit utilizes two rechargeable, VALO 3.2VDC lithium iron
phosphate (LiFePO4) batteries. The batteries are placed positive side first into the distal
end of the VALO Cordless unit. The batteries should be recharged every 1-2 weeks,
however a flashing red LED on the VALO Cordless unit indicates low batteries and the
need for charging. If the batteries become too low in the VALO Cordless unit, three
audible beeps warning will sound and the unit will not operate. The batteries can be
recharged approximately 1000-2000 times before wearing out. The submission list
authorized alternative batteries that can be used in the VALO Cordless unit.

3) The VALO Charger is a 3.6VDC lithium iron phosphate battery charger and comes with
a 12VDC, AC Power Adaptor. The charger can independently charge two VALO
batteries. A green LED indicates if the when there in no battery in the slot and also
indicates if the battery is fully charged. A red LED indicates the battery is charging.
The battery should be placed in the charger with the positive end towards the LED and
takes approximately an hour to charge. The submission list authorized alternative
chargers that can be used with the authorized rechargeable batteries.

4) The submission states that the VALO Cordless unit includes fifty VALO Cordless Barrier
Sleeves.

IV. Indications for Use
VALO Cordless is source of illumination for curing photo-activated dental restorative materials
and adhesives.

The Indications for Use is identical to its predicate, VALO (K083647).

V. Labeling
Included in the submission is primary labeling and instruction for use. The primary labeling
contains the "Rx" symbol required by CFR 21.801.109 and additional symbols defined in the

instructions for use.

The Instructions for Use contains sections for Product Information, Product
Components, Overview of Controls, Instructions for Use, Changing and Charging

Batteries, Quick Mode Guide, Quick Cure Guide, Quick Warning Guide, Maintenance

and Cleaning, Troubleshooting Guide, Technical Information, and Warranty. The

Instructions for Use contains appropriate Warnings and Cautions regarding the high

intensity, use of the batteries, and cleaning.

4
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VI. Sterilization/Shelf Life/Reuse
The VALO Cordless is provided non-sterile and is not intended to be sterilized. A VALO
Cordless brand barrier sleeve is intended to be place in the VALO Cordless prior to use. The

VALO Cordless should be wiped down using gauze or soft cloth with an anti-microbial surface

disinfectant. The Instructions for Use provides a list of acceptable and non-acceptable cleaners.

VII. Biocompatibility
The submission states that biocompatibility testing is not necessary for this device because it

does not come in contact with oral tissue.

VIll. Software
Version: Version 2.6
Level of Concern: MINOR

Software description: X

Device Hazard Analysis: X

Software Requirements Specifications: X

Architecture Design Chart:

Design Specifications:
Traceability Analysis/Matrix: X
Development:

Verification & Validation Testing:
Revision level history: X

Unresolved anomalies:

All software documentation required for a device of minor level of concern is included in the

submission. The software for the VALO Cordless used a microprocessor (Microchip 40pin QFP
PIC16F887). The device hazard analysis was determined to be low or none. Software
verification and validation testing was conducted on each of the curing modes using a identical

criterion utilized in the predicate. The software passed all verification and validation testing.
As of 2/15/2011 the software is on version 2.6, Code UltraBV28.

IX. Electromagnetic Compatibility and Electrical, Mechanical and Thermal
Safety

Testing was conducted on the VALO Cordless by Nemko-CCL Testing Laboratories in

accordance with IEC 60601-1. The submission states the VALO Cordless passed all electrical,
mechanical and safety requirements of IEC 60601-1. Test Reports are included in the

submission. The VALO Cordless has a thermometer and will not allow operation if

temperatures exceed 500C. Temperature must cool down to 450 C before operation is allowed to

continue.

X. Performance Testing - Bench

5
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Testing was conducted on the VALO Cordless for ANSI/ADA Specification No. 48. ADA 48 is

not FDA recognized. This standard requires that the VALO Cordless pass the following

parameters: 1) cleaning and disinfection, 2) excessive temperatures, 3) radiant exitance, and 4)
electrical requirements.

1) IEC 60601-1 standard for cleaning and disinfection was unitized in fulfilling the
cleaning and disinfection requirement of ADA 48. The IEC 60601-1 requirement states
that the equipment must be capable of withstanding cleaning, sterilization, or
disinfection without deterioration of safety provisions. Test report provided in the
submission states this test was passed.

2) IEC 60601-1 standard for excessive temperatures was unitized in fulfilling the excessive

temperatures requirement of ADA 48. IEC 60601-1 requirement that the equipment
does not exceed a given value over a range of ambient temperature specified in the
standard. Test report provided in the submission states this test was passed.

3) Radiant Exitance is defined as radiant power (W) divided by optical area (m2). The
ADA 48 Standard specifies the allowable exitance and a given range of wavelength
band. Radiant Exitance for the VALO Cordless was measure and calculated in

compliance with ADA 48. Test report provided in the submission states this test was
passed.

4) IEC 60601-1 standards for electrical requirements was unitized in fulfilling electrical

requirements of ADA 48. IEC 60601-1 test reports included in the submission state the
VALO Cordless passed all electrical requirements for IEC 60601-1.

The submission states the VALO Cordless passed all ANSI/ADA Specification No. 48 testing.

Xl. Performance Testing - Animal
The submission does not contain any animal testing. The intended use, device design, and
bench testing demonstrate VALO Cordless is equivalent to predicate VALO (K083647).
Therefore, animal testing is not applicable.

XII. Performance Testing - Clinical
The submission does not contain any clinical testing. The intended use, device design, and
bench testing demonstrate VALO Cordless is equivalent to predicate VALO (K083647). In
addition the submission provides eleven literature articles that demonstrate a clinical
evaluation of the safety and effectiveness of LED curing lights. Therefore, clinical testing is not
applicable.

XIII. Predicate Device Comparison
The submission claims the VALO Cordless is substantially equivalent to its predicate, VALO
(K083647). The chart below compares the two devices

VALO Cordless VALO
Source of illumination for curing Source of illumination for curing

Indications For Use photo-activated dental restorative photo-activated dental restorative
materials and adhesives. materials and adhesives.

Light Source Blue LED Blue LED

Optical Cross-Section 9.75mm 9.75mm
Diameter

Wavelength 395nm - 480nm 395nm - 480nm

standard power - 1000mw/cm 2 standard power - 1000mw/ cm 2

Light Intensity high power - 1400mw/cm 2  high power - 1400mw/cm 2

xtra power - 3200mw/cm 2  plasma pulse - 4500mw/cm 2

6
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(approx.) at 50% duty cycle

Power Supply Battery Input Voltage: 4VDC- Output - 9VDC at 2A
10.5VDC Input - 90VAC to 240VAC

Maintenance/Cleaning Moisten a gauze or soft cloth with Moisten a gauze or soft cloth
an anti-microbial surface with an anti-microbial surface
disinfectant and wipe the surface disinfectant and wipe the surface
and lens. and lens.

XIV. Substantial Equivalence Discussion
Yes No

1. Same Indication Statement? If YES = Go To 3

2. Do Differences Alter The Effect Or Raise If YES =Stop NSE
New Issues of Safety Or Effectiveness?

3. Same Technological Characteristics? If YES = Go To 5

4. Could The New Characteristics Affect If YES =Go To 6
Safety Or Effectiveness?

5. Descriptive Characteristics Precise If NO = Go To 8
Enough? I EIf YES = Stop SE

6. New Types Of Safety Or Effectiveness If YES = Stop NSE
Questions?

7. Accepted Scientific Methods Exist? If NO = Stop NSE

8. Performance Data Available? If NO = Request Data

9. Data Demonstrate Equivalence? Final Decision:

Note: See
http://eroom.fda.pov/eRoomRea/Files/CDRH3/CDRHPremarketNotification5lOkProgram/O 4148/FLOWC
HART%20DECISION%20TREE%20.DOC for Flowchart to assist in decision-making process. Please
complete the following table and answer the corresponding questions. "Yes" responses to questions 2, 4,
6, and 9, and every "no" response requires an explanation.

1. Explain how the new indication differs from the predicate device's indication:
2. Explain why there is or is not a new effect or safety or effectiveness issue:
3. Describe the new technological characteristics:
4. Explain how new characteristics could or could not affect safety or effectiveness:
5. Explain how descriptive characteristics are not precise enough:
6. Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:
7. Explain why existing scientific methods can not be used:
8. Explain what performance data is needed:
9. Explain how the performance data demonstrates that the device is or is not substantially equivalent:

7
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XV. Contact History

8
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XVI. Recommendation
Telephone Hold.

Reviewer Date
Lauren M. Giles, B.S. B.M.E
Biomedical eer

Branch Review Date
M. Susan Runner, D.D.S., M.A.
Branch Chief Dental Devices

9
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Giles, Lauren

From: Giles, Lauren
Sent: Wednesday, March 23, 2011 4:22 PM

o: 'diane.rogers@ultradent.com'
Subject: VALO Cordless, 510(k)# K1 10582 Additional Information Request and Telephone Hold

Ms. Rogers,

1
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Please contact me with questions or concerns.

Sincerely,

Lauren Giles
Biomedical Engineer/Reviewer
FDA/ODE/DAGID/DEDB
10903 New Hampshire Avenue
W066 - Rm. 2546
Silver Spring, MD 20993
ihone: 301-796-9552
(ax: 301-847-8109
Lauren.Giles@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS

ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND

PROTECTED FROM DISCLOSURE UNDER LAW If you are not the addressee, or a person

authorized to deliver the document to the addressee, you are hereby notified that any review

disclosure, dissemination, copying, or other action based on the content of this communication is not

authorized. If you have received this document in error, please immediately notify us by email or

telephone.

2
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

New Device is Compared to A
Marketed Device

Descriptive Information Does New evice Have Same NO Do the Differences Alter the Intended Not Substantially
about New or Marketed lIndicatio Statement? Therapeutic/Diagnostic/eic Effect YES Equivalent Determination

Device Requested as Needed (in Deciding, May Consider Impact on
YES Safety and Effectiveness)?**

Ne Device Has ame intended NO
Use and May be "S stantially Equivalent" I

Ne Deic S-a 
Ua

NwD es 
New Intended Use

DosNew Device ye Same
Technological Chiarac tics, NO ould the New 8
e.g. Design, Materials, etc.. Characteristics w Characteristics

YES Affect saftly or '- Raise New ypes of Safety _YES O
Effectiveness? or Effectiven ss Questions?'**

NO [tr e Descriptive No
Characteristics Precise Enough NO

NO to Ensure Equivalence?

NO 

N

Ae Performance Data Do Ac epted Scientific
Available to Asses Equivalence?* YES Met ods Exist for

Asse ing Effects of NO
the N Characteristics?

YES DYES
Performance Are Perfor ance Data Available NO
Data Required To A sess Effects of New --

Chg acteristics?**

YES

Performance Data Demonstrate erformance Data Demonstrate
Equivalence? I-e0or Equivalence? -- -

NO N

O"Substantially Equivalent"

To Pera Determination To

510(k) Submissions compare new devices to marketed devices FDA requests additional information if the relationship between
marketed and "predicate" (pre-Amendments or reclassifed post-Amiendments) devices is unclear

PfmThis decision is normally based on descriptive information alone, but limited testing infrmation is sometimes required.

+itefo
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration

7Nm Center for Devices and Radiological Health
Document Control Center W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

April 05, 2011

ULTRADENT PRODUCTS, INC. 510k Number: K1 10582
505 WEST 10200 SOUTH
SOUTH JORDAN, UTAH 84095 Product: VALO CORDLESS
ATTN: DIANE ROGERS

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been completed or if any additional information is
required. Pleaseremember that all correspondence concerning your submission MUST be sent to the Document
Mail Center at the above letterhead address. Correspondence sent to any address other than the one above will not
be considered as part of your official premarket notification submission. Also, please note the new Blue Book
Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail Communication with Industry about
Premarket Files Under Review. Please refer to this guidance for information on current fax and e-mail practices at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089402.htm. On
August 12, 2005 CDRH issued the Guidance for Industry and FDA Staff: Format for Traditional and Abbreviated
510(k)s. This guidance can be found at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm084365.htm. Please
refer to this guidance for assistance on how to format an original submission for a Traditional or Abbreviated
5 10(k).

The Safe Medical Devices Act of 1990, signed on November 28, states that you may not place this device into
commercial distribution until you receive a letter from FDA allowing you to do so. As in the past, we intend to
complete our review as quickly as possible. Generally we do so in 90 days. However, the complexity of a
submission or a requirement for additional information may occasionally cause the review to extend beyond 90
days. Thus, if you have not received a written decision or been contacted within 90 days of our receipt date you
may want to check with FDA to determine the status of your submission.

Please ensure that whether you submit a 510(k) Summary as per 21 CFR 807.92, or a 510(k) Statement as
per 21 CFR 807.93, it meets the content and format regulatory requirements.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely,

5 10(k) Staff

tjo
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rk

April 1, 2011

Lauren Giles

Food and Drug Administration CDRH FDA CDRP IDv3C

Document Mail Center (HFZ-401) APR 5 2011
10903 New Hampshire Drive

Silver Spring, MD 20850

Reference VALO Cordless Special 510(k) K110582

Dear Lauren,

Thank you for your quick review of the changes to our submission. I made all the changes you
requested during our phone call on Aprill, 2011.

Please review these changes and feel free to contact me if you have any further questions. Thanks again
for your quick review.

Kind regards,

Diane...

&M505 West~ 10200Sout

U! ULTRADENTSotJodnUth805UA
ROCDUCTS, INC. .frdn~o

(b)(4) 
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Traceability Analysis:

Product Design Requirements: General Acceptance

1. Design a curing light for use on restorative materials with photo-initiators Achieved

2. Design a battery powered curing light with the same operational functionality modeled from and off Achieved

of the Ultradent VALO corded dental curing light.

Design Specifications: Design Inputs for Design Control

1. Multiple wavelength high power, high efficiency LED with dental blue, deep blue, and UV (395nm - Achieved

480nm) and capable of polymerizing all light cure dental materials.

2. Power Modes, Times, and Power Levels: LED will light up each time cycled Achieved

a. Standard Power restorative curing mode with 5, 10, 15, and 20 second intervals, and

capable of a minimum radiant exitance of 1000mW/cm 2

b. High Power restorative tacking mode with 1, 2, 3, and 4 second intervals, and capable of a

minimum radiant exitance of 1400mW/cm 2

c. Xtra Power restorative tacking mode with 3 seconds only, and capable of a minimum

radiant exitance of 3200mW/cm2
*Note: Measurement with barrier sleeve.

3. Provide a unit that maintains the same ergonomic usability, elegance, functionality, and overall 'look Achieved

and feel' of Ultradent's corded Valo

4. A dental curing light that is able to operate from 2 ea. CR123A batteries Achieved

a. Ultradent will make available safe rechargeable LiFePO 4 batteries that are CE, RoHS, and

WEEE compliant.
b. Safe rechargeable battery will bare Ultradent label/logo
c. Alternate batteries will be easily obtainable from local sources.

5. Provide a safe 3.6VDC battery charger with Ultradent labeling that is CE certified. Achieved

6. Provide a medical grade charger adapter with full international compliance and adaptability Achieved

7. Curing light circuit voltage input from 3.95VDC - 10.5VDC Achieved

8. Provide the following safety and warning protections Achieved

a. Unit has a sounder to indicate warnings and change of state

b. Unit has LEDs to indicate time intervals, modes, and warnings
c. Low battery voltage detect
d. Unit Shuts down under the following circumstances:

i. Battery voltage is too low
ii. Input voltage too high
iii. Unit detects LED overcurrent, undercurrent, and overvoltage

e. Radiate power levels are calibrated in Standard Power, High Power, and Xtra Power modes

f. Provide battery polarity protection
g. Provide overcurrent fusing

9. Provide a thermometer inside the unit to monitor temperature to warn and shut down operation if Achieved

temperatures reach 500C

10. Battery life will provide a minimum of 200 Xtra Power 3 second cycles Achieved

11. Provide a unit that will sleep to conserve battery life by going to sleep quickly and waking up easily Achieved
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and without having to push buttons and extra time.
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March 29, 2011

Lauren Giles

Food and Drug-Administration CDRH

Document Mail Center (HFZ-401)

10903 New Hampshire Drive

Silver Spring, MD 20850

Reference VALO Cordless Special 510(k) K110582

Dear Lauren,
(b) (4)
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Lauren,

Thanks again for your time and review,

Kind regards,

Diane Rogers

(b) (4)
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Description: Valo® Cordless is a battery operated, visible light activator for polymerization of
dental resins. In other words, it is a dental curing light used for polymerization of all photo-
initiated dental materials. The cordless version functions the same as the corded version. VALO
(KO83647).

Indications for Use: Source of illumination for curing photo-activated dental restorative
materials and adhesives.

Substantial Equivalence:

The VALO'" SCOUT is to be manufactured and Ultradent Products, Inc.
marketed by: 505 West 10200 South

South Jordan, Utah 84095, USA

The VALO' SCOUT is substantially equivalent to the VALO'" which is also manufactured by
Ultradent Products, Inc. These two products are manufactured from the same materials, utilize
many of the same components, are calibrcttd to the same levels and parameters, are used in
the same manner and fashion, and are designed to operate and function in a near identical
manner. The VALO'" SCOUT was designed to be the VALOV but without the cord. The
programming code is near identical, save micro-controller variations and enhanced safety
features. Both products have the same intended use and technological characteristics. Both
products are safe and effective when used for as intended and for the purposes described.

Overview of Purpose

The VALO'" and VALO'" SCOUT are designed to cure all known dental composites in the market.
There are a wide variety of dental composites available, each having unique properties. Dental
composites vary in shade, chemical composition, behavior, viscosity, cured hardness, nature of
curing, rate of curing, and purpose of use. Dental composites can also vary due to their age
from the date of manufacture and how they are stored. Many have expiration dates. Dentists
and dental assistants are trained to operate curing lights to achieve proper curing of dental
composites during restorations, and to check for proper curing, but due to the wide range of
techniques, skill levels, and states of composite, curing light manufactures will often deliver
extra curing time and/or light output power to ensure proper composite curing during a dental
restoration.

The VALO" and VALO' SCOUT both utilize the same high intensity LED calibrated to identical
output power levels, with lensing and focusing that are also identical. Each have the same LED
consisting of 2 dental blue die, 1 deep blue die, and 1 UV die. Each wavelength color is present
to stimulate the photo-reactions of various types of chemistry present in different dental
composites. Not all dental composites can be cured with the same frequency of light. This is
the reason for the different colors and wavelengths present in the LED.

VALO@ Cordless Special 510(k) 5
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Characteristic - Aspect VALO'" VALO'" SCOUT Equivalence

Purpose Equivalent

Ergonomics Substantial Equivalence

Standard Power Mode Equivalent
1. Power Output See Technical Information below
2. Spectrum 
3. Timing Intervals 

High Power Mode Equivalent
1. Power Output See Technical Information below
2. Spectrum 
3. Timing Intervals 

Xtra (Plasma) Power Mode Equivalent
1. Power Output See Technical Information below
2. Spectrum 
3. Timing Intervals 

Main Power LED Equivalent
LED Irradiance is calibrated to the
same output levels using the same
LED from the same manufacturer

Curing head structure Equivalent
1. Optical lensing (same)
2. Light focusing (same) Optical lensing, focus, power LED,
3, Mechanical (same) and mechanical retention of the
4. Power LED (same) power LED are identical. Parts are

interchangeable.

Button - Switch placement Equivalent
Timing Indicator LED placement Equivalent
Mode Indicator LED placement Equivalent
Body Materials: wand and panel Equivalent

Circuit Board: Precision current control Substantial Equivalence
1. Microprocessor 
2. DC-DC booster VALO" SCOUT circuit board includes
3. Inductor all aspect of its predicate VALO'
4. Regulator plus the capacity to sense
5. Current sensing mechanism temperature and motion.
6. Current feed-back loop 

Feedback current loops and sensing
7. Amplifiers circuitry are the same.
8. DAC 
9. Indicator LEOs Power circuitry has been
10. Sonalert strengthened to handle lower
11. Switches voltages and heavier current draws
12. IR communication chip from batteries.
13. Temperature sensing 
14. Motion sensing 

Firmware Code Version Substantial Equivalence
1. Function 

VALO" SCOUT firmware includes all
2. Modes aspects of the predicate VALO'"
3. Timing intervals firmware plus new capacity to sense
4. ADC/DAC data use temperature and motion and to give
S. IR communication data more informative warnings.
6. Serial communication data 
7. Low power warning 
8. Power safety shut down 
9. Calibration method 

50
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Button - Switch placement Equivalent
Timing Indicator LED placement Equivalent
Mode Indicator LED placement Equivalent
Body Materials: wand and panel Equivalent

Circuit Board: Precision current control Substantial Equivalence
1. Microprocessor 
2. DC-DC booster VALOT* SCOUT circuit board
3. Inductor includes all aspect of its predicate
4. Regulator VALO" plus the capacity to sense
5. Current sensing mechanism temperature and motion.
6. Current feed-back loop 

Feedback current loops and sensing
7. Amplifiers circuitry are the same.
8. DAC 
9. Indicator LEDs Power circuitry has been
10. Sonalert strengthened to handle lower
I1. Switches voltages and heavier current draws
12. IR communication chip from batteries.
13. Temperature sensing 
14. Motion sensing 

Firmware Code Version Substantial Equivalence
1 Function 

VALO"' SCOUT firmware includes
2. Modes all aspects of the predicate VALOrIu
3. Timing intervals frmwareplis new capacity to sense
4. ADC/DAC data use temperature and motion and to give
5. IR communication data more informative warnings.
6. Serial communication data 
7. Low power warning 
8. Power safety shut down 
9. Calibration method 

Input Power Substantial Equivalence
I. Range 
2. Power source VALOM SCOUT power circuitry
3. Power delivery was enhanced for higher current and
4. Fusing is capable of using the 9VDC

medical grade power supply of the
VALOTM with an accessory adaptor.

ATechnicl Informatidn'X -VALO' and VAL SC -g --

Wavelength range 

VALO®D Cordless Special 510(k) 7
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Diane Rogers

To: Diane Rogers
ubject FW: Valo Scout: FDA depth of cure testing

Depth of Cure

VALO SN: 11364 VALO SCOUT SN: 00037

Total Depth Total Depth/2 Total Depth Total Depth/2
11.23 5.615 mm 11.14 mm 5.570mm
12.07 6.035 mm 11.72mm 5.860mm
11.62 5.810 mm 11.99 mm 5.995mm

Mean Depth 5.82 mm Mean Depth 5.81mm
Reference Depth 5.82 mm Depth Tolerance PASS

I___+ I /-2% (+/-0.1 mmn_

Test Date: 03-28-2011
Test Temperature: 22' C
Test Technician: Josh Jessop

Device Test Conditions: VALO and VALO SCOUT in Standard Power Mode, 20 second cure time.

Reference Dental Composite: 3M 2-100, Shade A2, Expiration date 02-23-2012

Regulatory References:
1. ISO 4049 -1998 (Equivalent to ADA 27)
2. ADA Specification No. 27 - 1993 Resin Based Filling Materials

a. Section 7.7 Depth of Cure, type 2 materials
b. Section 7.7.11 Modifications

i. Mold modified from 4mm deep stainless steel to 6mm deep natural Teflon/Delron
to accommodate deeper cures and reflect in-vivo environment,

Note 1: Depth-of-cure tests are dependent on the chemistry of the composite resin, shade, age of composite,
temperature. Ideal dental curing attempts to activate/cure the entire sample of the composite to its full final
hardness. Cure hardness at various depths is not entirely consistent and is ensured by the dentist by extending
the duration of exposure to the curing light, performing multiple cure cycles, and/or by increasing the power
output of the curing light.

Note 2: Due to chemical mixing limitations, uniformity within batches dental composite varies, Not every area
of the composite will have identical hardness or depth of cure.

53
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WARNING

Read all instructions before operating this unit.

The VALO SCOUT LED curing light emits extremely high intensity light waves and must only be used as
indicated in this manual.

0 DO NOT look directly into the light output. Patient, clinician and assistants should wear UV orange eye
protection when this device is in use.

O DO NOT expose soft oral tissues at close proximity. Maintain a minimum of 2mm between the lens and
the soft tissue.

+ If using the VALO SCOUT LED Curing Light in the Standard Power mode and in close proximity of the
gingival tissue, DO NOT expose tissue for more than 20 seconds. If a 40-second cure is needed, allow 2
minutes between two 20 second cures. If longer curing time is required, consider a dual-cure product
(composite or adhesive).

+ In Xtra Power Mode, DO NOT expose soft oral tissue for more than 10 seconds. The Xtra Power Mode
has a 2 second safety delay to limit oral tissue heating during consecutive curing. If a longer cure is
needed, allow 2 minutes between consecutive cures or consider a dual-cure product (composite or
adhesive).

Product Information:

Indications for Use: The source of illumination for curing photo-activated dental restorative materials and
adhesives.

The VALO SCOUT curing light uses a custom, multi-wavelength Light Emitting Diode (LED) for producing the high
intensity light (395 - 480 nm) capable of polymerizing all light cure dental materials. This intensity will also
penetrate porcelain and is capable of curing underlying resin cements similarly to a quality halogen light.

The VALO SCOUT curing light uses safe Ultradent VALO rechargeable batteries and battery charger.

Contact Information Ultradent Products Inc.
505 West 10200 South
South Jordan, Utah 84095 USA
Customer Service Phone: 801-571-4000 Ext. 4100
Web site: http://www.ultradent.com/

Product Components:

* 1- VALO SCOUT curing light
* 4 - Ultradent VALO rechargeable batteries
* 1- Ultradent VALO Battery recharger with medical grade S/B 12VDC AC power adaptor

* 50 - VALO SCOUT Barrier Sleeves
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Overview of Controls:

Photo Button and ghts Legend

Power Button

Timing Lights

Low Battery - Safety Indicator

Mode/Status tight

Timing/ModeChange Button

Instructions for Use:

1- Remove all components from the packaging and examine them.

2- See section How to Charge Batteries. Place 2 of the batteries in the Ultradent VALO charger. The light on the

charger will change from red to green when the batteries are fully charged (approximately 1 hour).

3- See section How to Change Batteries. Remove the battery compartment cap at the base of the VAL 0 SCOUT by

twisting the silver metal cover counterclockwise 1/8 to 1/4 of a turn.

4- Insert two fully charged batteries plus (+) end first. 5- Replace the battery cover

6- The VALO SCOUT hand piece beeps when powering on.

7- Selecting the desired mode: The VALO SCOUT curing light has 3 modes: Standard Power, High Power, and Xtra

Power. Each mode is identified by the Mode/Status light (green = Standard Power, orange = High Power, and

flashing orange = Xtra Power). To change modes hold the Time Change button for 2 seconds and release. The

Mode/Status light will change to the next mode.

NOTE: The VALO SCOUT curing light is programmed to cycle from the Standard Power to the High Power to the

Xtra Power mode in sequence. For example, to change from the Standard Power mode to the Xtra Power mode, it

is necessary to cycle into the High Power mode and then to the Xtra Power mode.

The VALO SCOUT curing light always stores its last used timing interval in each mode and will default back to that

timing interval whenever the modes are changed or if the batteries are removed.

SLEEP MODE: The VALO SCOUT curing light will go into POWER SAVE mode after 30 seconds of inactivity, as

indicated by a slow flashing of the mode/status light. Picking up or touching the unit will wake-up VALO SCOUT

and automatically return it to the last setting used.

WARNING: Storage and Travel: If storing the VALO SCOUT for periods longer than 2 weeks, packing it for travel,

or traveling with it, always remove the batteries. If batteries are left in for long periods of time without recharging

they may become non-functional and be unable to be recharged or to retain charge.
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Charging and Changing Batteries

The Valo Scout comes with 4 rechargeable safe lithium rechargeable batteries.

LOW BATTERIES: The VALO SCOUT signals the user that it is time to change the batteries when the Low Battery
Indicator Light is flashing red. If the battery charge becomes too low, an audible 3 beep warning sound will occur
and the Valo will not allow further operation until batteries recover or new batteries are inserted.

Battery Charge Expantancy: Battery charge life in the Valo Scout is dependent on the MODE, TIME interval,
battery type, amount of use, and LED efficiency. Different battery types will last longer than others. In general,
rechargble batteries should last 1 -2 weeks. Non-rechargeable batteries may last 2- 3 time longer.

* Recommended Recharge Interval: To avoid low battery warnings or shut off during a proceedure,
recharge batteries every 1- 2 weeks.

* Extra Batteries: To avoid possible VALO SCOUT down time, keep an extra set of non-rechargeable
batteries on hand in case batteries get lost or have not been charged. See list of authorized batteries.
You can also order extra rechargeable batteries as needed.

Battery Life Expectancy: Rechargeable Lithium Iron Phosphate batteries can be recharged approximately 1000 to
2000 times before wearing out. However, in everyday use, batteries may be dropped, scratched, scuffed, lost and
misplaced. Keep a spare set of non-rechargeable CR123 batteries available.

How to change batteries

1. Remove back cap by twisting counter clockwise a quarter turn.
2. Remove batteries
3. Insert fresh batteries positive (+) side first
4. Reattach back cap by aligning and gently pushing while twisting clock wise. The cab will click when fully

attached.
5. The unit is ready for use

WARNING - CAUTION

* VALO SCOUT will not operate if batteries are put in backwards. If the VALO SCOUT does not turn on when
fresh batteries are inserted, remove the batteries and check to see that they are inserted correctly with the
positive (+) battery ends pointed forward as shown below.

* If VALO SCOUT warning indicator LED flashes red when batteries are inserted, remove batteries and insert
freshly charged batteries.

* Do not insert fingers, instruments, or objects into the battery compartment of the VALO SCOUT,
* Do not attempt to clean the gold contacts of the battery compartment or anywhere in the battery

compartment. Call Ultradent Customer Service if there is a concern.
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How to charge batteries

1. Insert batteries into charger with plus (+) end pointed towards the lights on authorized charger.
2. The charger LEDs will show red indicating that the batteries are charging.
3. When the charger LEDs show green, the batteries are ready for use.
4. Batteries will take about 1 hour to charge. Leave batteries in charger until ready for use.

WARNING - CAUTION

* Make sure batteries are inserted into the charger in the correct orientation.
* If the red LED on the charger doesn't turn to green, this means a battery may have gone bad and cannot be

charged. Try a new battery or call Ultradent Customer Service to order a new set of batteries.
* If batteries appear to bubble or smell bad, remove batteries from the charger immediately and call Ultradent

Customer Service.
* Do not use batteries if the battery wrapping has become torn or removed from the battery. Replace with a

new battery immediately and recycle old battery.

WARNING - CAUTION

* Do not mix rechargeable batteries with non-rechargeable batteries.
* Do not charge non-rechargeable batteries.
* Use only safe rechargeable Lithium Iron Phosphate batteries or non-rechargeable batteries.
* Do not store batteries in temperatures over 60'C or in direct sunlight.

* DO NOT autoclave batteries, charger, AC power adaptor, or VALO SCOUT
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If necessary, Ultradent authorizes the following alternative batteries and chargers for the VALO SCOUT.

Note: Ultradent does not recommend or authorize other batteries or chargers at this time. While other battery types and chargers will operate
with the VALO SCOUT, they have not been tested and may not have safe battery chemistry or approved safety ratings.

Note: Always recycle spent non-rechargeable batteries.

Authorized Alternate Batteries Authorized Alternate Chargers
Rechargeable LiFePO. batteries Tenergy' 3.6V RCR123 LiFePO, charger

1. Tenergy' 3.6V RCR123A, 750mAh Powerizerm 3.6 RCR123 LiFePO, charger
2. Powerizer 3.6V RCR123A, 450mAh
3. Mottcell' 3.6V IFR16340 series

Non-rechargeable, primary, batteries
1. Tenergy Propel Photo Lithium: (safe, long lasting, recommended)
2. Titanium Innovations CR123A: (safe, long lasting, recommended)
3. Energizer" 123
4. Duracell Ultra CR123A
S. Sanyo' CR123A
6. Rayovac' CR123A
7. SureFire' SF123A
8. Panasonic CR123A

Installins Hygienic Barrier Sleeves

The hygienic barrier sleeve serves keeps the surface of the VALO SCOUT clean and aseptic. It prevents the transfer
of pathogenic micro-organisms from one patient to another. It also helps keeps dental composite materials from
adhering to the surface of the lens and wand body. A new hygienic barrier sleeve is to be inserted onto the VALO
SCOUT with each new patient.

WARNING - CAUTION

* Do not re-use barrier sleeves. Use a new barrier sleeve for each patient.
* Discarded used barrier sleeves appropriately after each patient.
* Do not leave barrier sleeves on the wand for extended periods.
* Do not store the VALO SCOUT with the barrier sleeve on.
* If barrier sleeves are not used, VALO SCOUT must be cleaned and sanitized with appropriate cleaning

and/or sanitizing agents after each patient. See section titled Maintenance and Cleaning.

AC
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Quick Mode Guide

Mode Standard Power Mode High Power Mode ftra
Power Level 100DmW 1400mW 3200snW

Power Button

o0 0 0
Mode/TimingLEDs 0 e 0 0 09 *

* * *0 0* 0 0*

Time "on A A A A A A A A A
Time Options 5s lOs 15s 20 s 3s 4s 3sOnly

To Change Time Press and release Time Button quickley to cycle through time options.

To Change Modes Press and hold the Time Button for 2 seconds and release. VALO wll cyde to next Mode

Legend Solid LEDs Blinking LEDs *

Quick Curing Guide: Recommended Curing Times for Optimal Results with VALO SCOUT

Power Level - Standard Mode High Power Mode Xtra Power Mode
Layer 1000mW/cma 1400mW/cm 3200mW/cm2

Per Layer One 10 second cure One 4 second cure One 3 second cure

Final Cure One 20 second cure Two 4 second cures Two 3 second cures

Quick Warning Guide

Power level warning Temperature warning Calibration Warning LED warning

Replace batteries Allow cool down Send In for repair Send in for repair

Low battery: quiet flashing 3 beeps No sound, Continuous 3 beeps
Shut off : 3 beeps, flashing Quiet flashing Flashing, 2 seconds Flashing
Prohibits operations Prohibits operation Allows operation Prohibits operations

* * 0 0
o 0 0
o 0 0

0 0 00 0

00 0 04 0 0

A At A A
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CURING MODE: Standard Power mode - 10OOmW/cm2

USES: Curing of restorative materials with photo initiators.

TIMING INTERVALS: 5, 10, 15, 20 seconds

VALO SCOUT defaults to this mode when it is INITIALLY powered on. The green Status light is on and the green
Timing Lights are solidly illuminated.

To change timing intervals quickly press the Time Change Button
One light = 5 seconds
Two Iights=10 seconds
Three lights=15 seconds
Four lights=20 seconds

Press the Power Button to cure. To stop curing prior to completion of a timing interval, press the Power Button
again.

CURING MODE: High Power mode - 1400mW/cm2

USES: Initial curing of restorative materials with photo initiators. Tacking of veneers, brackets, and restorative
materials.

TIMING INTERVALS: 1, 2, 3, 4 seconds.

From Standard Power mode, press and hold the Time Button for 2 seconds. The green Timing Lights will
illuminate and flash. The Status Light will illuminate as a steady orange light, indicating High Power mode. A two-
second power tack is the most commonly used timing interval in this mode.

To change timing intervals quickly, press the Time Change Button
One flashing light = 1 second
Two flashing lights = 2 seconds
Three flashing lights = 3 seconds
Four flashing lights = 4 seconds

Press the Power Button to cure. To stop curing prior to the completion of a timing interval, press the Power
Button again.

To return to Standard Power mode, press and hold the Time Change Button for 2 seconds, release, hold for 2
seconds, and release. The green Status light is on and all 4 timing lights are illuminated.
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CURING MODE: tXtra Power mode - 3200mW/cm2

USES: The Xtra Power mode is useful for all dental uring. It is especially valuable for deep curing of restorative
materials, placing thin veneers, attaching orthodontic brackets, and fast curing in pediatric settings.

TIMING INTERVAL: 3 seconds only (Note: there is a 2 second safety delay at the end of each curing cycle)

From the Standard. Power mode, press the Time Button for 2 seconds, release, press again for 2 seconds, and
release. Three of the green Timing Lights and the orange Status Light will illuminate and flash indicating Xtra
Power mode.

Three green flashing lights = 3 seconds

Press the Power Button to cure. To stop curing prior to completion of a timing interval, press the Power Button
again.

To return to the Standard Power mode, press and hold the Time Button for 2 seconds

NOTE: The VALO SCOUT curing light is programmed to cycle from the Standard Power mode to the High Power
mode to the Xtra Power mode in sequence. For example, to change from the Standard Power mode to the Xtra
Power mode, it is necessary to cycle into the Power mode and then to the Xtra Power mode.

WARNING - CAUTION

In Xtra Power mode, VALO SCOUT emits extremely high intensity light in a controlled 3 second burst. The VALO
SCOUT curing light must only be used as indicated in this manual.

DO NOT look directly into the light output. Patient, clinician and assistants should wear UV orange eye protection
when this device is in use.

DO NOT expose soft oral tissues at close proximity. Maintain a minimum of 2mm between the lens and the soft
tissue.

DO NOT expose soft oral tissue for more than 10 seconds. The Xtra Power mode hasa 2 second safety delay to
limit oral tissue heating during consecutive curing. If a longer cure is needed, allow 2 minutes between
consecutive cures or consider a dual-cure product (composite or adhesive).

t Note: 'Xtra Power' equal Plasma Power levels in the Corded VALO. In this context Plasma refers to 'plasma-like' due to
intense optical output and curing capacity. Actual plasma arc lights generate broad optical output that must be filtered to
reduce harmful short wave ultraviolet radiation.
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Maintenance and Cleaning

The VALO SCOUT curing light is a sealed unit with a sapphire-like hard surface and a scratch resistant glass lens.
After each use, moisten a gauze or soft cloth with an anti-microbial surface disinfectant and wipe the surface and
lens.

Periodically check the lens for cured dental resins.

CAUTION: Ensure the VALO SCOUT lens efficacy and curing effectiveness by using VALO SCOUT brand Barrier
Sleeves. These sleeves have been designed and optimized specifically for use with the VALO SCOUT curing light. In
the event that dental resin adheres to the VALO SCOUT lens, use a non-diamond dental instrument to carefully
remove the resin.

Light meters differ greatly and are designed for specific light guide tips and lens. Ultradent recommends checking
VALO SCOUT in Standard Power mode. NOTE: the true numeric output will be skewed due the inaccuracy of
common light meters and the custom LED pack VALO SCOUT uses.

WARNING - CAUTION

+ DO NOT autoclave batteries, charger, power adaptor, or VALO SCOUT.

DO NOT insert fingers, instruments, or objects into the battery compartment of the VALO SCOUT.

00 NOT attempt to clean the gold contacts of the battery compartment or anywhere in the battery
compartment. Call Ultradent Customer Service if there is a concern.

4 DO NOT immerse in any kind of ultrasonic bath or any liquids.

.- DO NOT wipe down the VALO SCOUT curing light with caustic or abrasive cleaners. See lists of acceptable
cleaners below:

ACCEPTABLE CLEANERS:

* CavicideTM products
* Isopropyl alcohol-based cleaners
* Ethyl alcohol-based cleaners
* Lysol" disinfectant
* Other non-bleach and non-abrasive disinfectants or cleaners

DO NOT USE:

* Formula 409® based cleaners
* Bleach-based cleaners (e.g. - Cloroxm, Sterilox m)
* Hydrogen Peroxide based cleaners
* Abrasive Cleansers (e.g. - Comet CleanserM)
* Acetone-based cleaners (e.g. - nail polish remover, Goo-offTM)
* MEK

GN
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Troubleshooting Guide-
If.the solutions suggested below do.not rectify the problem,.please call Ultradent at 800.552?5512.
Unauthorized service willinvalidate warranty. .

Problemni Possible solutioris

Light will not turn on 1. Wiggle VALO SCOUT to see if unit wakes up.
2. Press the Time or Power Button to wake from Power Save Mode.
3. Check the red Low Battery Indicator for battery charge status.
4. Check that fresh batteries are correctly inserted into the unit.
5. If red and yellow Warning LEDs are flashing this means the VALO SCOUT

has reached its internal temperature safety limit. Allow the VALO SCOUT
to cool down for 10 minutes or use a cool moist towel to cool the unit
down quickly.

6. If red Warning LED flashes and beeps continuously, call Ultradent
Customer Service for repair.

Light does not stay on amount of time 1. Check that the unit is set to desired Mode.
desired 2. Check the Low Battery Indicator for battery charge status.

3. Check that fresh batteries are properly inserted into the unit.

Light is not curing resins properly 1. Check lens for residual cured resins/composites (see "Maintenance and
Cleaning").

2. Using proper orange UV eye protection, verify the LED die lights are
working.

3. Check power level with light meter.
4. Check expiration date on curing resin.

Batteries won't charge 1. Make sure batteries are inserted in the charger in the correct orientation
and allow batteries to charge for 1 hour.

2. If red LEDs on the charger do not change to green, call Ultradent
Customer Service to order replacement batteries and/or charger.

3. If neither green nor red LEDs on the charger are visible, call Ultradent
Customer Service to order or replace charger and/or AC adaptor.

Batteries bubble and smell bad 1. Remove batteries from the charger immediately
2. Do not insert these batteries into the VALO SCOUT.
3. Call Ultradent Customer Service for new batteries and/or charger.
4. Recycle batteries.

Charger does not charge batteries 1. Make sure charger is plugged in and AC adapter is plugged into power
outlet.

2. If green or red LEDs on the charger are not visible, call Ultradent
Customer Service for new charger and/or AC adaptor.

3. If charger smells as though it is burning, unplug charger immediately and
call Ultradent Customer Service for replacement.

Wrapping comes off of battery 1. Do not use these batteries in the VALO SCOUT.
2. Recycle batteries.
3. Call Ultradent Customer Service to order replacement batteries.

G65
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Technical
Tehnfmai VALO SCOUT LED Curing Lightinformation
Wavelength range 395nm - 480nm (see qualification below)

Effective Output Power (EOP) of VALO SCOUT falls within the following wavelength range:
* 395nm <= EOP <= 480nm.

Minimal and insignificant power can be found in wavelength ranges from:
* 380nm - 395nm and 480nm - 510nm

ADA 48 specifies power minimums within specific wavelength bands.
The VALO SCOUT complies with ADA 48

*As mesun (y a rIII0 R e (0

High poer - l00m2/0mW/cn10

t As measured by a spectrum analyzer

Den-Mat Sapphire Plasma Arc Curing tight - Irradiance measured at Z6mW/car with a
spectrum analyzer

gG
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AC Power Adapter Globtek Medical Grade witl international plug inserts
Output: 12VDC, 500mA
Input: 1OOVAC - 240VAC
Ratings: Medical Grade, (UL, CE, RoHS, WEEE)
Includes: International plug adapter kit
Cord: 6 ft (1.8m), 2.5mm DC connector
Weight: 152 grams w/o plug
Dimensions: (75 x 43 x 34) mm

VALO Charger VALO 3.6VDC Lithium Iron Phosphate smart battery charger:
* Peak Voltage: 3.6VDC
* Automatic shut off when fully charged
* Auto-detection of defective batteries
* Protections: Thermal, Overcharge, Short-circuit, reverse polarity

o Red LED - Charging
o Green LED - Empty or Fully Charged
o LED off - short circuit

* Charging time: 1- 3 hours
Rating: CE, WEEE
Weight: 1.27 troy oz. (39.5 grams)
Dimensions: (2.5 x 4 x 1) inches, (63.5 x 101 x 25.4) mm

VALO Batteries Rechargeable: Safe chemistry Lithium Iron Phosphate (LiFePO4) RCR123A
* Working Voltage: 3.2VDC
* Peak Voltage: 3.65VDC
* Cut-off Voltage: 2VDC
* mAh rating: greater than 400mAh

Ratings: CE, RoHS, WEEE
Weight: 17 grams each
Dimensions: 34.5mm x 17mm

Alternate use Non-rechargeable:
Lithium CR-123A 3VDC (rating greater than 1400mAh for long operation)

VALO SCOUT: Current draw from batteries:
* Sleep Mode - 230uA (wake up on button press and movement)
* Ready Mode - 30mA (maximum)
* Power LED: (dependent on MODE of use and state of charge on batteries)

o Minimum - 250mA
o Maximum - 2000mA

Battery Input Voltage: 4VDC - 10.5VDC
* Minimum - 3.95VDC (lock out activated to prevent use)
* Maximum - 10.5VDC (lock out activated to prevent use)

LED Current Source: Micro-processor controlled, precision regulated LED current and time.
Calibrated Power Modes: Standard Power, High Power, Xtra Power. See Instruction Manual.

Protections: Low Battery, Over Voltage, Over Temperature, LED Failure, Calibration Failure
Limitations for Use: VALO Scout will not allow operation if temperatures exceed 500C.

* Standard Power: 3 curing cycles, 15 minute off, after 60 minutes of use allow 30
minutes off.

* High Power and Xtra Power: 5 curing cycles, 10 minutes off.

Ratings: Medical Grade, CE, RoHS, WEEE
Weight:

* With batteries: 5.5 troy oz. (170 grams)
* Without batteries: 4.4 troy oz. (136 grams)

Dimension: (8 x 1.28 x 1.06) inches, (203 x 32.5 x 27) mm
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Diane Rogers

rom: Dee Jessop
ent: Tuesday, March 29, 2011 10:01 AM

To: Diane Rogers
Subject: FDA submission symbols
Attachments: Marks and Symbols for FDA submission only.docx

See if this works...

Marks and Symbols Meaning

Warning to read and following instructions and pay attention to specific use warnings and
cautions. This symbol is on the VALO SCOUT and on the packaging

VALO SCOUT complies with Medical Class B electrical safety
This symbol is on the VALO SCOUT and on the packaging

WEEE compliant: Recycle, Do Not discard improperly.
This symbol is on the VALO SCOUT packaging box.

Upper and lower temperature limitations: Do not store or transport VALO SCOUT in areas above
650C (149 0F) or below -340C (-30 0C). This symbol is on the packaging box.

Keep Dry: Cargoes bearing this symbol must be protected from excessive humidity and must be
stored under cover. This symbol is on the packaging box.

VALO SCOUT is to be used by trained dental or medical professionals.
This symbol is on the packaging box.
This marking shows the correct method of inserting batteries. This mark is located on the top
inside of the battery compartment in large yellow print.

1
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Warranty

Ultradent hereby warrants that this instrument shall, for a period of 2 years from the date of purchase, conform in
all material respects to the specifications therefore as set forth in Ultradent's documentation accompanying the
product and be free from any defects in materials and/or workmanship. This warranty applies solely to the original
purchaser and is not transferable. This warranty applies solely to the VALO SCOUT and does not cover any
accessory components such as batteries, chargers, adapters, and adaptive lenses. Other warranties periods and
service conditions apply to all accessory parts. All defective products are to be returned to Ultradent. There are
no user service components of the VALO SCOUT system. Tampering with VALO SCOUT will void its warranty.

WARNING: When sending units in for repair, service, or calibrations, always remove the batteries from the VALO
SCOUT and charger. Wrap batteries, charger, adapter, and VALO SCOUT separately in the return box.

WARNINGS and PRECAUTIONS

Read all instructions before operating this unit.

The manufacturer accepts no liability for any damage resulting from the improper use of this unit and/or for any
purpose other than those covered by these instructions.

USER - PATIENT SAFETY WARNINGS:

+ The VALO SCOUT curing light emits extremely high intensity light very similar to high intensity quartz halogen lights
and must only be used as indicated in this manual.

+ DO NOT look directly into the light output. Patient, clinician and assistants should wear UV orange eye protection
when this device is in use.

O DO NOT expose soft oral tissues at close proximity. Maintain a minimum of 2mm between the lens and the soft
tissue.

+ If using the VALO SCOUT curing light in close proximity of the gingival, DO NOT exposes tissue for more than 20
seconds. If a 40-second cure is needed, allow 2 minutes between two 20 second cures. If longer curing time is
required, consider a dual-cure.

+ In Xtra Power mode, DO NOT expose soft oral tissue for more than 10 seconds. The Xtra Power mode has a 2
second safety delay to limit heating during consecutive curing. If a longer cure is needed, allow 2 minutes between
consecutive cures or consider a dual-cure product (composite or adhesive).

PRODUCT SAFETY WARNINGS:

O DO NOT autoclave.

O DO NOT immerse in disinfectant, cleaning solutions, or any kind of liquid.

O DO NOT immerse in any kind of ultrasonic bath.

O PRECAUTION: Static Electricity - This unit may be susceptible to strong magnetic or static electric fields which
could disrupt the programming. If you suspect this has occurred, remove the batteries from the unit momentarily
and then re-insert them.
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Technical
Tehn iai VALO CORDLESS Curing LightInformation
Wavelength range 395nm - 480nm (see qualification below)

Effective output Power of VALO CORDLESS falls within the following wavelength range:
* 395nm <= EP <= 480nm.

Minimal and insignificant power can be found in wavelength ranges from:
* 380nm - 395nm and 480nm - 510nm

ADA 48 specifies power limitations within specific wavelength bands.
The VALO CORDLESS complies with ADA 48

Effective Composite Curing
Wavelength Sand

2rJ nower Mose
*320mw/cm

~44s nfm

' * V anda'd rt.+, Mode

Light intensity *Standard power - O mw/cm2 +1-10%

* ligh power - 1400mw/cm2 +/-10%

t XIra Power - 3200mw/cm2 +/- 20% (tormerly called 'Plasma Emulation')

*As measured by a Demetron@ LE.D, Radiometer

t As measured by a spectrum analyzer

Den-Mat® Sapphire Plasma Arc Curing Light - Irradiance measured at 2.600mW/cm2 with

a spectrum analyzer

VA LO Cordless Special 510(k) 24
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Black
pms 312 blue
pms 356 green
pms 877 metallic silver (if not silver material)

88935.1 022811
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SPECIAL 510(K) PREMARKET SUMMARY

VALO® Cordless

This summary of the Special 510(k) substantial equivalence information is being submitted in
accordance with the requirements of 21 CFR 807 for VALO® Cordless.

Applicant's Name and Address

Ultradent Products, Inc.
505 West 10200 South
South Jordan, UT 84095

Contact Person: Diane Rogers
Title: Regulatory Affairs Manager
Telephone: 800-552-5512 x4491, 801-553-4491
FAX: 801-553-4609
Date Summary Prepared: April 1, 2011

Name of the Device

Trade Name: VALO® Cordless
Common Name: Activator, ultraviolet for polymerization
Device Classification: 11
Classification Product Code: EBZ

Legally Marketed Predicate Device to Which Equivalence is Claimed

The predicate device is VALO® (K083647). This device is manufactured and distributed by
Ultradent Products, Inc., 505 West, 10200 South, South Jordan, Utah 84095.

Product Description: Valo® Cordless is a visible light activator for polymerization of dental
resins. In other words, it is a dental curing light used for polymerization of all photo-initiated
dental materials. The VALO Cordless is shipped as a system with the VALO Cordless wand, 4
rechargeable batteries, 2 for initial use and 2 for later use, a battery charger and 50 VALO
Cordless Barrier Sleeves. An Instruction for Use is also included inside the packaging. The
Instructions for Use details the function of the device and describes the modes for the VALO
Cordless. VALO Cordless has three operating modes. They are Standard Power Mode:
1000mW/cm', High Power Mode: 1400mW/cm2 and Xtra Power Mode: 3200mW/cm2.
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Indications for Use: Source of illumination for curing photo-activated dental restorative
materials and adhesives.

Technological Summary: The VALO CORDLESS curing light uses a custom, multi-wavelength
Light Emitting Diode (LED) for producing the high intensity light (395 - 480 nm) capable of
polymerizing all light cure dental materials. This intensity will also penetrate porcelain and is
capable of curing underlying resin cements similarly to a quality halogen light.

The VALO CORDLESS curing light uses safe Ultradent VALO rechargeable batteries and
battery charger.

Performance Data:

VALO CORDLESS Curing Light

Wavelength range 395nm - 480nm (see qualification below)

Effective output Power of VALO CORDLESS ralls within the following wavelength range:
* 395nm <= [P <= 480nm.

Minimal and insignificant power can be found in wavelength ranges from:
* 38 0 nm - 395nm and 480nm - 51Onm

ADA 48 specifies power limitations within specific wavelength bands,
The VALO CORDLESS complies with ADA 48

tLective lower wSvelrdth Epfectve -pper wavength
395 an( mf35 rn) 480 nrnsSonm)

Higl~h POner Made

* High power- 1400mw/cmi2 +/-10%
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t Xtra Power - 3200mw/cm2 +/- 20% (formerly called 'Plasma Emulation')

* As measured by a Demetron@ L.E.D, Radiometer

f As measared by a spectrum analyzer

Den-Mat@ Sapphire Plasma Arc Curing Light - Irradiance measured at 2,600mW/cm2 with
a spectrum analyzer

Conclusion:

Comparison Table

VALO* VALO® Cordless

(K083647)

Power Supply Wall powered, 12VDC, Same
medical grade with

adapters for International
capability

UL Approved

Indications For Use Source of illumination for Same
curing photo-activated

dental restorative
materials and adhesives.

Structure Ergonomic wand Same

Light Blue and UV wavelengths Same

Current control Regulates current in the Same
light source

Buttons Two buttons that function Same
the light

Power ON button Located on handle of wand Same

Power cord 8' length Same

Time Device indicates time and Same
time selection

Power Rating Plasma Emulation Mode is Xtra Power mode is
4500mW/cm2  3200mW/cm2

Operation 110VAC 110VAC

Substantial Equivalence:
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The VALO'" SCOUT is substantially equivalent to the VALO" which is also manufactured by
Ultradent Products, Inc. These two products are manufactured from the same materials, utilize
many of the same components, are calibrated to the same levels and parameters, are used in
the same manner and fashion, and are designed to operate and function in a near identical
manner. The VALO" SCOUT was designed to be the VALO'Tm but without the cord. The
programming code is near identical, save micro-controller variations and enhanced safety
features. Both products have the same intended use and technological characteristics. Both
products are safe and effective when used for as intended and for the purposes described.
The following three tests were conducted along with bench tests described in the 510(k); depth
of cure, software verification and validation and IEC 60601 Electrical Safety.
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31110

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

[] Traditional W Special E Abbreviated

STANDARD TITLE '

ANSI/ADA Specification # 48 Visible light Curing Units

Please answer the following questions Yes No

Is this standard recognized by FDA 2 ? .El 1

FDA Recognition number3 .... __s

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Is a summary report4 describing the extent of conformance of the standard used included in the
510(k)?.....
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device?.......................................................... 

Does this standard include acceptance criteria? ....................................
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? ............................... O 21
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard? ...................................... 1
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS)'?.............. O H

Were deviations or adaptations made beyond what is specified in the FDA SIS? .............................. O
If yes, report these deviations or adaptations in the summary report table.

Were there any exclusions from the standard? ................... .... E 7
If yes, report these exclusions in the summary report table.

Is there an FDA guidance' that is associated with this standard? .............. .. . .. .......... l 1
If yes, was the guidance document followed in preparation of this 510k? ................ ............... El El
Title of guidance.

The formaiting convenlion for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this
[title of standard] [date of publication] standard. The summary report includes informalion on all standards

2 Authority [21 U.S.C. 360d], www.fda.gov/cdrh/sidsprog.html utilized during the development of the device,

htlp://www.accessdata.fdagoviscripts/cdrhi/cidocs/cfStandards/ s The supplemental information sheet (SIS) is additional information

search.cfm which is necessary before FDA recognizes the standard. Found at

The summary report should include: any adaplations used to adapt hile://wwaccesdaa.fda.gov/scripts/cdrh/cfdocs/citandards/
to the device under review (for example, altnrrnativo test methods); search.cfn
choices made when options or a selection of methods are described 6 The online search for CDRH Guidance Documents can be found a

devialions from 1he stoadard; requirements not applicable to the www.fda.gov/cdrh/guidance.html
device; and the name and address of the los laboratory or

FORM FDA 3654 (9/07) Page 1 c W .- i
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

STANDARD TITLE

ANSI/ADA Speciftication # 48 Visible Light Curing Units

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

Entire document Visible Light Curing Units V1 Yes F No C N/A

TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Ol Yes OI No ON/A
TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

[ Yes [ No O] N/A

TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed inder "justification" Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of

options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica-

tion" on the report. More than one page may be necessary.

Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average I hour per response, including the

time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and

completing and reviewing the collection of information. Send comments regarding this burden estimate or any other

aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An aiiency' 1ln)y not condict 1.r sponsoi and a person is not required to respond to, a collection of information

unless it displos a c .urrent/v vaid O/ control n,,nbe:

FORM FDA 3654 (9107) Page 2 
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Form Approved: OMB No. 0910-0120: Expiration Dale: 8/31/10

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

E) Traditional Z Special FI Abbreviated

STANDARD TITLE '

I IC 6060 1 medical clectrical equ i pmnciit General requirements for basic safety and essential performance

Please answer the following questions Yes No

Is this standard recognized by FDA 2 ? . . I.

FDA Recognition number3 . . . . . . . . . . . . . .. .

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? .. ................................................................ E

Is a summary report' describing the extent of conformance of the standard used included in the
510(k)?.. . 0
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0

Does this standard include acceptance criteria? . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .. . . .. .. .. .  2 O
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? . . . . . . . . . . . .. .. . .. . ... . ..  O Z
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard?.................................... Ol 0
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5 ?... ......... H H

Were deviations or adaptations made beyond what is specified in the FDA SIS? ...............................
If yes, report these deviations or adaptations in the summary report table.

Were there any exclusions from the standard? ............. O
If yes, report these exclusions in the summary report table,

Is there an FDA guidance' that is associated with this standard? ................... . ............... O
If yes, was the guidance document followed in preparation of this 510k? ................. .............. H H
Title of guidance:

'The formatling convention for the title is: [SDO] [numeric idenifier] certification body involved in conformance assessment to this
[title of standard) [date of publication] siandard. The summary report includes information on all standards

Authority [21 U.S.C. 360d], www.Fda.gov/cdrh/sidsprog.htm utilized during the development of the device.

: bip://ww.accessdata.fda.goviscripts/cdrh/cfdocs/cfStandards/ 5 The supplemenal information sheet (SIS) is additional information

scarch.cfm which is necessary before FDA recognizes the standard. Found al

The summary report should include: any adaptations used to adapt hiip /I w.accessdaia.fda.gov/scriplcdrh/cfdocs/clStandards/
to the device under review (for example; alternative test methods); search.cfm

choices made when options or a selection of methods are described: 6 The online search for CDRH Guidance Documents can be found at

deviations from the standard: requirements not applicable to the www.fda.govicdrh/guidance.html
device; and the name and address of the test laboratory or

FORM FDA 3654 (9/07) Page 1 .s: ...no ....
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

STANDARD TITLE
IEC 60601-1 Medical lectrical Equipment General requirements for basic safety and essential performance

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

Entire document General requirements for basic safety and essential perforance 'I Yes I No [I N/A

TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Oi Yes Oi No O N/A
TYPE OF DEVIATION OR OPTION SELECTED'

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

O Yes No N/A

TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

* For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica-
tion" on the report. More than one page may be necessary.

Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average I holr pet respoise, including the

time for reviewing instrLctiois, searching existing data sources, gathering and maintaining the data needed, and

completing and reviewing the colcction of information. Send comments regar(ing this burden estimate or any other

aspect of this collection of infornation, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agenc3' ma1 not conduct or spons(, and a2person is not Iequilvd i-espond to, a Collection oJ informnation

unless it displavs a cirr-ent/' %alit
t OAIB control nunber
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