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Xll. 510(k) SUMMARY FEB 9 5 2009

This 510(K) summary of safety and effectiveness information is submitted in accordance with
the requirements of 21 CFR Part 807.87(h).

Submitter’s information:
Manufacturer: MicroMRI, Inc.
580 Middletown Boulevard
Suite D-150.
Langhome, PA 18047

Contact: Richard Elrath
Manager Quality Assurance and Regulatory Affairs
MicroMRI, Inc,

'Phone: 267 212-1119

Facsimile: - 267 212-111

Email: relrath @ micromri.com

Trade Name, Common Name and Classification:

Trade Name: BoneVue

Commeon Names: Image processing software

Classification Name: System, Image Processing, Radiological
Product Code: LLZ

Predicate Devices:

510k Reference No. &Date._ |  DeviceName | Manufacturer_
] Barco View MIS
K070831 2 Anderson Place
May 22, 2007 Voxar 3D™ Edingburgh, EH6 5NP,
UK
TeraRecon, Inc.
K011142 , : 2955 Campus Drive,
May B, 2001 Aquarius Worlf:strsltlonTM Suite 325
San Mateo, CA 94403
Emageon UV, Inc.
K053281 EVMS™ Enterprise 131 Wilson Street
September 3, 2004 Visual Medical System Suite 700

Madison, W1 53703
Vital Images, Inc.

‘ Vitrea ® Version 4.0 -
K071331 Medical tmage 5850 QOpus Parkway,

ey 25, 2007 Processing Software | 1 SHS T o3
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biome wicro- architecture December 11, 2008

Device Description:

BoneVue evaluates high-resolution MRI datasets containing bone tissue and provides
3D visualization of trabecular structures as well as measurements of descriptive
parametears regarding cortical and trabecular mormphology.

The following cortical measurements are reported: average cortical inner diameter,
average cortical outer diameter, and average cortical thickness.

The following trabecular measurements are reported: average measures of bane
volume/total volume, trabecular thickness, trabecular number, and trabecular
separation.

The 3D visualization madule is used to display a high resclution 3D model of the
trabecular bone and its micro-architecture. The 3D visualization helps a trained
physician make a qualitative assessment of bone micro-architecture, which may be
viewed from different angles. BoneVue allows standard surface rendering views as well
as standard maximum intensity projection views.

Additionally, BoneVue offers the display of a standard “bone plug”, a surface rendering
of a central cylinder of trabecular tissue, as a representative sample of the bone micro-
architecture.

Indications for Use:

BoneVue is a software tool for 3D visualization of bone micre-architecture using MRI
datasets with the possibility of manual or automated measurements of descriptive
parameters regarding cortical and trabecular morphology. BoneVue is a workflow iool
intended to assist a trained physician in the assessmeni of high-resolution MRI datasets
of bone.

Technological Characteristics:

BoneVue software does not control image acquisition and can be used with a variety of
commercially available pulse sequences and imaging coils. BoneVue does not contact
the patient, nor does it control any life sustaining devices. A trained physician interprets
the data and information being displayed,

Performance Testing:

BoneVue has been successfully tested and has met acceptance criteria previously
established in accordance with documented procedures.

Confidential and Proprietary ' " Page 40 0f 218
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December 11, 2688

Conclusion:

The 510(k} Pre-Market Notification contains adequate information and data to enable
FDA - CDRH to determine substantial aquivalence to the predicate devices. BoneVue
has been developed, and will be manufactured in accordance with the MicroMRI’s
established Quality Policy Manual, which meets all of the requirements of 21 CFR Part
820, Quality System Regulation and 1SO 13485, Medical Devices - Quality
Management Systems -~ Requirements for requlatory purposes. The submission
contains the results of a hazard analysis and the “Level of Concern” for potential
hazards has been classified as “Minor”,

Confidential and Proprietary - | Page 41 of 218
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FEB 2 § 2009

- M Rlchard Elrath ‘
- Manager of Quality-Assurance and Regulatory Affairs
~"MicroMRI, Inc. _
580 Middletown Boulevard, Suite D-150
LANGHORNE PA 19047

' Re - K083691:
Trade/Device Name: BoneVue
: -RegulatlonNumber 21 CFR'892.2050
- Regulation Namme: Picture archiving and comrnumcatlons system
Regulatory Class; I
Product Code: LLZ
. Dated: December 8, 2008
. Received: December 15, 2008

Dear Mr. Elrath: .

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 int 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 proh1b1t10ns against nnsbrandmg and
adulteratlon

If your device is classified (see above) into either class I (Special Controls) or class 1L (PMA),
it may be subject to such 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 eoncermng your device in the Federal Reglster _

FOI - Page 4 of 255
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Please be advised that FDA’s issuance of a substantial equivalence determination does not mea
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; 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. o

© This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding os substantial equivalence of your device to a legally

marketed predicate device results in a classification for your device and thus, pernnts your device
to proceed to the market

If you desire specific adv1ce for your dev1ce on our labeling regulation (21 CFR Part 801), please

-contact the Office of Compllance at one of the following numbers, based on the regulatlon number
' at the top of this letter.

21 CFR 876.xxx (GastroenterologyfReﬁal/Urology) (240} 276-0115

~ 21 CFR 884.xxx (Obstetrics/Gynecology) (240) 276-0115
21 CFR 892 xxx (Radiology) ~ - (240)276-0120-
Other o - (240) 276-0100

Also, please note the regulation entitled, “Miébranding by reference to premarket notification”
(21 CFR Part 807.97). For questions regarding postmarket surveillance, please contact CDRH’s
Office of Surveillance and Biometrics® (OSB’s) Division of Postmarket Surveillance at

© 240-276-3474. For questions regarding the reporting of device adverse events (Medical Device

Reporting (MDR)), please contact the Division of Surveillance Systems at 240-276-3464. You
may obtain ether general information on your responsibilities under the Act from the Division of
Srnall Manufactures, International and Consumer Assistance at its toll- free number (800) 638-2041
or (240) 276-3150 or at its Internet address http: //www fda.gov/cdrh/industry. suppot/index.html.

rris
cting Director, Division of Reproductive,
Abdominal, and Radiological Devices
Office of Device Evaluation _
Center for Devices and Radiolo glcal Health

Enclosure

FOI - Page 5 of 255
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MicroM

bone micro- architecture _‘ : ' - December 11, 2008

 XHl. STATEMENT of INDICATIONS FOR USE

Indications for Use

510(k) Number (if known): NTA kD 336 6” ’

“Device Name: _BoneVue

Indications for Use;

BoneVue is a software tool for 3D visualization of bone micro-architecture using MRI
datasets with the possibility of manual or automated measurements of descriptive
parameters regarding cortical and trabecular morphology. BoneVue is a workflow tool
intended to assist a trained physician in the assessment of high-resolution MRI datasets

of bone.
Preséription Use _ X . AND/OR. " 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)

| Concurrenc%of CDRH, Office of Device Evaluation (ODE)

m/wm

(Division Sign- éft‘)
Division of Reproductive, Abdominal,
and Radiological Devic

510(k) Number ?{033 p4]
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§ _/¢~ DEPARTMENT OF HEALTH & HUMAN SERVICES - Public Health Service

Food and Drug Adrniniﬁﬁation
9200 Corporate Boulevard
Rockville MD 20850

FEB 2 5 2009

~ Mr. Richard Elrath
Manager of Quality Assurance and Regulatory Affairs
‘MicroMRI, Inc. :
580 Middletown Boulevard, Suite D-150
LANGHORNE PA 19047

| Re ' K083691
Trade/Device Name: BoneVue
-Regulatlon Number: 21 CFR §92.2050
- Regulation Name: Picture archiving and communications system

Regulatory Class: 1I

Product Code: LLZ

Dated: December 8, 2008

‘Received: December 15, 2008

Dear Mr. Elrath;

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 mlsbrandlng and -
adulteratlon

If your devwe is classified (see above) into either class II (Special Controls) or class ITI (PMA)
it may be subject to such additional controls. Existing major regulations affecting your device
can be found in the Code of Federal Regulatlons, Title 21, Parts 800 to 898. In addition, FDA
may publish further announcements concemning your device in the Federal Register.

FOI - Page 7 of 255
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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 rcqmrements 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; 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.

~ This letter will allow you to begin marketing your device as described in your Section 5 10(1()
premarket notification. The FDA finding os substantial equivalence of your device to a legally

marketed predicate device results in a classification for your device and thus, permits your device
to proceed to the market.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please

-contact the Office of Compliance at one of the following numbers, based on the regulation number
~ at the top of this letter.

21 CFR 876.xxx (Gastroenterology/Reﬁal/Urology) (240) 276-0115

21 CFR 884.xxx (Obstetrics/Gynecology) (240) 276-0115
21 CFR 892.xxx (Radiology) (240) 276-0120
Other (240) 276-0100

Also, please note the regulation entitled, “Misbranding by reference to premarket notification”

(21 CFR Part 807.97). For questions regarding postmarket surveillance, please contact CDRH’s
Office of Surveillance and Biometrics’ (OSB’s) Division of Postmarket Surveillance at
240-276-3474. For questions regarding the reporting of device adverse events (Medical Device
Reporting (MDRY)), please contact the Division of Surveillance Systems at 240-276-3464. You
may obtain other general information on your responsibilities under the Act from the Division of
Small Manufactures, International and Consumer Assistance at its toll-free number (800) 638-2041
or (240) 276-3150 or at its Internet address http://www.fda. gov/cdrh/industry.suppot/index. html.

Iris

ting Director, Division of Reproductive,
Abdominal, and Radiological Devices

Office of Device Evaluation _ ,

Center for Devices and Radiological Health

Enclosure

FOI - Page 8 of 255
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M i crOM RI 3 BoneVue Software v1

bone micro-architecture December 11, 2008

Xlll. STATEMENT of INDICATIONS FOR USE

Indications for Use

510(k) Number (if known): _ 14 L0336 9

Device Name: _BoneVue

Indications for Use:

BoneVue is a software tool for 3D visualization of bone micro-architecture using MAI
datasets with the possibility of manual or automated measurements of descriptive
parameters regarding cortical and trabecular morphology. BoneVue is a workflow tool

intended to assist a trained physician in the assessment of high-resolution MRI datasets
of bone.

Preséription Use _ X AND/OR ~ 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)

Concurrcnczof CDRH, Office of Device Evaluation (ODE)

Vard N

(Division Sign-Off) ' -
Division of Reproductive, Abdominal,
and Radiological Pevic

510(k) Number ?@33 pA4]

Confidential and Proprietary Page 42 of 218
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-/: DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

s, Foud and Drug Administration
AL G200 Corporate Boulevard

Rockville, Maryland 20850

December 16, 2008

MICROMRI, INC. 510k Number: K083691

580 MIDDLETOWN BLVD. SUITE D-150 Received: 12/15/2008
LANGHORNE, PENNSYLVANIA 19047 Product: BONEVUE
UNITED STATES

ATTN: RICHARD ELRATH

The Food and Drug Administration (FDA), Center for Devices and Radiological Health (CDRH), has received
the Premarket Notification, (510(k)), you submitted in accordance with Section 510(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 510(k) submitter is incorrect, please notify the 510(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
310(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 EDA
ALLOWING YOU TO DO SO.

Please remember that all correspondence concerning your submission MUST be sent to the Document Mail
Center (DMC)(HFZ-401) at the above letterhead address. Correspondence sent to any address other than the
one above will not be considered as part of your officiat 510(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/cdrh/mdufma/index.html
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 510(k) necds 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/opacom/morechoices/fdaforms/FIDA-3654.pdf.

We remind you that Title VIII of the Food and Drug Administration Amendments Act of 2007 (FDAAA)
amended the PHS Act by adding new scction 402(j) (42 U.S.C. § 282(j)), 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(j) requires that a certification
form (http://www.fda.gov/opacom/morechoices/fdaforms/FDA-3674.pdf) accompany 510(kYHDE/PMA
submissions. The agency has issued a draft guidance titled: “Certifications To Accompany Drug, Biological

"y

FOI - Page 10 of 255



Product, and Device Applications/Submissions: Compliance with Section 402(j) of The Public Health Service Act,
Added By Title VIII of The Food and Drug Administration Amendments Act of 2007”
(http://'www.fda.pov/oc/initiatives/fdaaa/guidance certifications.html). 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: 510(k)s, Original PMAs, PMA Supplements,
Original BL.As and BLA Supplements™. This guidance can be found at_
hitp//www.fda.gov/cdrh/ode/guidance/1655.pdf.  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 www.fda.gov/cdrh/ode/guidance/1567.htmi. Please refer to
this guidance for assistance on how to format an original submission for a Traditional or Abbreviated 510(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., 510(k), IDE, PMA,
HDE) with an electronic copy. For more information about the program, including the formatting requirements,
plcase visit our web site at www.fda.gov/edrh/clecsub.html.

Lastly, you should be familiar with the regulatory requirements for medical devices available at Device Advice
www.fda gov/cdrh/devadvice/". If you have questions on the status of your submission, please contact DSMICA at
(240) 276-3150 or the toll-free number (800) 638-2041, or at their Internet address
http://’www.fda.gov/cdrh/dsma/dsmastaf html. If you have procedural questions, please contact the 510(k) Staff at
(240)276-4040.

Sincerely yours,

Marjorie Shulman

Supervisory Consumer Safety Officer
Premarket Notification Section

Office of Device Evaluation

Center for Devices and Radiological Health

FOI - Page 11 of 255



%,

EALT,
of MEALT
3 3
G

» SPRVIC
P )

3

- : DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration

}P";h 9200 Corporatc Boulevard

Rockvitle, Maryland 20850

December 12, 2008

MICROMR], INC. 510k Number: K083691

580 MIDDLETOWN BLVD. SUITED-150 - Received: 12/12/2008
LANGHORNE, PENNSYLVANIA 19047 User Fee 1D Number: 6040245
UNITED STATES Product: BONEVUE

ATTN: RICHARD ELRATH

The Food and Drug Administration (FDA) Center for Devices and Radiological Health (CDRH), has received the
Premarket Notification you submitted in accordance with Section 510(k) of the Federal Food, Drug, and Cosmetic
Act (Act) for the above referenced product. 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.
YOU MAY NOT PLACE THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE A
LETTER FROM FDA ALLOWING YOU TO DO 50.

The Federal Food, Drug, and Cosmetic Act (the Act), as amended by the Medical Device User Fee and
Modernization Act of 2002 (MDUFMA) and the FDA Amendments Act of 2007 (FDAAA) (Public Law 110-85),
authorizes FDA to collect user fees for certain types of 510(k) submissions. The submission cannot be accepted for
review until the fee is paid in full ; therefore, the file has been placed on hold. When your user fee payment has been
received , review of the 510(k) will resume as of that date. Alternatively, you may request withdrawal of your
submission. You now have the option to pay online by credit card. We recommend this form of payment, Credit card
payments are directly linked to your user fee cover sheet and are processed the next business day. You may also pay by
check. If you choose to mail a check, please send a check to one of the addresses listed below:

By Regular Mail By Private Courier(e.g.l'ed Ex. UPS, etc.)
Food and Drug Administration  U.S, Bank

P.O. Box 956733 956733

St. Louis, MO 63195-6733. 1005 Convention Plaza

St. Louis, MO 63101
(314) 418-4983

The check should be made out to the Food and Drug Administration referencing the payment identification number,
and a copy of the User Fee Cover sheet should be included with the check. A copy of the Medical Device User Fee
Cover Sheet should be faxed to CDRH at (240)276-4025 referencing the 510(k) number if you have not already sent
it in with your 510(k) submission. After the FDA has been notified of the receipt of your user fee payment, your
510(k) will be filed and the review will begin. If payment has not been received within 30 days, your 510(k) will be
deleted from the system. Additional information on user fees and how to submit your user fee payment may be
found at www.fda.gov/oc/mdufma.

In all future premarket submissions, we encourage you to provide an electronic copy of your submission. By doing
s0, 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.. 510(k), IDE, PMA, or
HDE) with an electronic copy. For more information about the program, including the formatting requirements,
please visit our web site at www.fda.gov/cdrh/elecsub.html, '

FOI - Page 12 of 255



Please note that since your 510(k) has not been reviewed, additional information may be required during the review
process and the file may be placed on hold once again. If you are unsure as to whether or not you need to file a
510k Submission with FDA or what type of submission to submit, you should first telephone the Division of Small
Manufacturers, International and Consumer Assistance (DSMICA), for guidance at (240) 276-3150 or its toll-fee
number (800)638-2041, or contact them at their Internet address www.fda.gov/cdrh/dsma/dsmastaf.html, or you
may submit a 513(g) request for information regarding classification to the Document Mail Center at the address
above. If you have any questions concerning receipt of your payment, please contact Diane Garcia at
Diane.Garcia@[da.hhs.gov or directly at (240)276-4027. 1f you have questions regarding the status of your 510(k)
Submission, please contact DSMICA at the numbers or address above.

Sincerely yours,

Diane M. Garcia

Public Affairs Specialist

Premarket Notification Section

Office of Device Evaluation

Center for Devices and Radiological Health

FOI - Page 13 of 255
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580 Middletown Boulevard Telephone: 267 212-1106 |
Suite D-150 Facsimile: 267 212-1101
Langhorne, PA 19407 Website: wowwumicromri.com

December 8, 2008

Food and Drug Administration

Center for-Devices and Radiological Health
Document Mail Center HFZ-401

9200 Corporale Boulevard

Rockville Maryland 20850

510{k} Notfication

W
g

s
st
e

¥

Dear Siror Madam;

This letter is to notity the Food and Drug Administration that MicroMRI, Inc.; FDA Registration
Number 3005871119, Is submitting this Traditional 510(k) Premarket Notfa::at ion of intent to
market the device BoneVue Software, as required by 21 CFR § 807.90(e). Enclosed please find
two copies of this 510(k} submission, one hard copy and one electronic copy (CD) for review.

The following information pertaining to BoneVue software is included as recommended by the
FOA guidance on 510{K) cover lefiers:

Device Commeon Name: Medical Image Processing Software

Classification Regulation Number; 21 CFR 882.2050

Classification Regulation Name: Picture archiving and communication system

Regulatory Class: |

Classification Panel Number: 882

Classification Product Code; LLZ

Classification Product Code Name: Image Processing System

BoneVue evaluates high-resolution MRI datasets containing bone tissue and provides 3D
visualization of trabecular structures as well as measurements of descriptive parameters
regarding cortical and trabecular marphology.

Some of the material in this' submission may be a trade secret, confidential commercial or
financial information within the meaning of 21 CFR § 20.61 and therefore not disclosable under
the Freedom of Information Act, even after the existence of the application becomes public. The
Company therefore asks to be consulted with as provided in 21 CFR § 20.45 before maki ing any
part of this submission publicly available.

Please let me know if you have any guestions concerning the enclosed 510(k) document. | would
be happy 1o answer any questions you might have.

&/Z

Richard Elrath
hManager of Quality Assurance and Regulatory Alfairs
MicroMRI, Inc.
580 Middletown Boulevard, Suite D-150
Langhotne, PA 18047
Telephone : 267 212-1118
Email; relrath@ micromri.com

FOI - Page 14 of 255
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

FUOOD ANDY DRUG ADKMINISTHATION
MEDICAL DEVICE USER FEE COVER SHEEY

# completed cover sheel must accempany each origingl application or sipplement sublectip fees. tp dissant by S, mall or
courier, plesse inclitte & copy of this completed fom with payrent. Payment and maliing instruciions can be found at:
ity Joagoviceimdufimaitoversheet i

1. COWMPANY HAME AND ADDRERS lnclude name, styest
adidrees, cily slale, country, and post office code)

savmENT IDENTFICATION numeeR:. | (D) (4
Wirite the Payrmant identlication number on your chack,

2. CONTAGT NAME
Richan Elrath

2.1 E-MAIL ADDPESS
refrath@ microm.oom

2.2 TELEPHONE NUNMBER finclude Area code)
EET-Z121119

23 FACBIMILE (FAX) NUMBER {include Ares code)
SET-212-HIR

MICROMRE NG

580 Middlstown Boulevard, D150
Langhome FA 13047

s

1.1 EMPLOYER IDENTIFICATION NUMBER ()
(b)(4)

2. TYPE OF PRENARKET APPLICATION {Setact ong of the foliowing in sach ctlumn; i you sre unsiire, plesse rater to the appligalion
descriptions atthe Ibllowing wab site: o /iwew dagoviocimdulma

Salectan application ype; 31 Selecta center

[T Annisal Fee for Periodic Reparting (APR)
{1 30-Day Notige

{2] Premarke! noficaliondS 1000 sxcep! for thind party XL GO

1151300 Begues! for Information [ICBER

{1 Biologics Licenai Application {BLA] B vaes balow
11 Premarket Agproval Agplication [PMA) (K] Criginal Application

[ Modular PRIA Supplement Tyoes:

[ 1 Product Developmant Protoccl (PUP) { ] Etficacy (BLAJ

[ 1 Premarket Report [PMB) {1 Parel Track (BMA, PMB, PDP

[ 1 Real-Tima [PMA, FMA, POP)
11180-day (PMA, PHIF, PDP)

4. ARE YOU A BNALL BUSINESS? (Ses the instructions for mare information on determining fhis status)

[XEYES, | mast the small buzlness oriteria and have submitted the required WNCH, {am not & srall busingss
quelifving documents 1o FOA

&1 W Yes, please enter your Small Business Decision Mumber S8DOSEZE0

5. FDAWILL NOT ACCEPT YOUR SUBMISSION IF YOUR COMPANY HASNOT BAIC AN ESTABLISHENT REGISTRATION FEE
THAT 15 DUE TO FOA, HAS YOUR COMPANY PAID ALL ESTABLISHMENT REGISTRATION FEES THAT AHE DUE TO FDAY
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F80 Middietown Boulpvard Telephone: 367 212-1100
Suite D-150 Facsimile: 267 212-1101
Langhorne, PA 19407 Website: www.micromri.com

Becember 8, 2008

Ford and Drug Administration

Center for Davices and Radiological Health
Document Maifl Center HFZ-401

9200 Corporate Boulevard

Hockville Marviand 20850

510k} Notification

Dear 8ir or Madam:

This letter Is to nolify the Food and Drug Administration that MicroMRI, Inc.; FDA Registration
Number 3005871118, 18 submitting this Traditional 510(k} Pramarketl Notification of iatent 1o
market the device BoneVue Software, as required by 21 CFR & 807 90(e}. Erclosed please find
i copies of this 510{K) submission, one hard copy and one electronic copy {CD) for review

The following information pertaining to BoneVue softwars is included as recommended by the
FDA guidance on 510k} cover lelters:

Device Common Name: Medical Image Processing Software

Classilication Regulation Number: 21 CFR B92 2050

Classification Regulation Name: Picture archiving and communication system

Regulatory Class: If

Classilication Panel Number; 892

Classification Product Codes LLZ

Classification Product Code Name: Image Processing System

BoneVue evaluates high-resclution MR! datassls conlaining bone lssue and provides 3D
visualization of trabecular stuctures as well as measurements of descriptive paramsters
regarding corlical and trabecular morphalogy.

Some of the materal in this submission may be @ trade secret, confidential commercial of
financial information within the meaning of 21 CFR § 2061 and therefors not disciosable under
the Freedorm of Information- Act, even after the existence of the application becomes public. The
Company therelore asks to be consulted with as provided in 21 CFR §20.45 before making any
part-of this submission publicly avaliable,

Flease let me know i you have any questions concerming the enclosed 510(Kk) document; | would
be happy io answer any questions you might have.

Since

et I X

Richard Etrath

Manager of Quality Assurance and Regulatory Altairs
MicroMRL Inc.

580 Middistown Boulevard, Suite D150

Langhome, P& 19047

Telephone 1 267 2121119

Email : relrath @ micromrt com
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10.

510(k) PREMARKET NOTIFICATION CHECKLIST

ITEM

Device trade or proprietary name

Device common or usual name or
classification name

Establishment registration number (only
applies if establishment is registered)

Class into which the device is classified

Classification Panel

Action taken to comply with Section 514
of the Act

Proposed labels, labeling and
advertisements (if available) that
describe the device, its intended use,
and directions for use

A 510(k) Summary or a 510(k)
Statement

For class lll devices only, a class lll
certification and a class Ill summary

Photographs and engineering drawings
of the device

FOI - Page 22 of 255

COMMENT

See section |, page 3

See section |, page 3

See section |l, page 3

See section lll. page 3

See section Ill. page 3

Not applicable as no performance
standards have been developed and no
applicable special controls apply.

See Attachment 1

See section Xll, page 38

Not applicable - this is a class |l device

Not applicable — this is a software only
product.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The marketed device(s) to which
equivalence is claimed including
labeling and description of the device -
Predicate Device Materials

Statement of similarities and/or
differences with marketed devices(s) -
Chart of Substantial Equivalence

Data to show consequences and effects
of a modified device

Submitter's name and address

Contact person, telephone number and
fax number

Representative/Consultant if applicable

Table of Contents with page information

Address of manufacturing
facility/facilities and, if appropriate,
sterilization site(s)

Comparison table of the new device to
the marketed device(s) - Chart of
Substantial Equivalence

Action taken to comply with voluntary
standards

Performance data

a. Marketed Device

1. bench testing
2. animal testing
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See section VIl. page 12

See Attachment 3

See section VI, page 12

See Attachment 2

Not Applicable

See section X, page 38

See Section XI. page 38

Not Applicable

See Table of Contents, page 2

See section X, page 38

See Attachment 2

See section IV, page 3

Not applicable
Not applicable



22.

23.

24,

25.

26.

27.

28.

3. clinical data
b. New Device

1. bench testing
2. animal testing
3. clinical data

Sterilization information

Software Information

Hardware information

Is this device subject to issues that have
been addressed in specific guidance
document(s)?

Indications for Use Statement

Truthful and Accurate Statement

Derivation of Algorithm
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Not Applicable

Not applicable
Not applicable
Not applicable

Not Applicable

See section V. page 27

Not applicable

Not Applicable

See section Xlll, page 41

See section XIV, page 42

Not Applicable
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MicroMRI Inc.
580 Middletown Boulevard
D-150
Langhorne, PA 19047

510 (k) Premarket Notification

BoneVue™ Software v1
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510 (k)
BoneVue Software v1

December 11, 2008

The following information is provided as required by 21 C.F.R. § 807.87 (1997) for
MicroMRI and its BoneVue Software 510(k) Premarket Notification.

l. NAME OF DEVICE

Trade Name: BoneVue
Common Names: Image processing software
Classification Name: System, Image Processing, Radiological

Il. ESTABLISHMENT REGISTRATION NUMBER

MicroMRI, Inc.

580 Middletown Boulevard

Suite D-150

Langhorne, PA 19047

FDA Registration number: 3005871119

Ill. DEVICE CLASSIFICATION/CLASSIFICATION PANEL

The FDA has classified Magnetic Resonance image processing software devices as
Class Il'in 21 CFR 892.1000. The panel number is 892. The product code is LLZ.

IV. PERFORMANCE STANDARDS

No performance standards or special controls have been developed under Section 514
of the Food, Drug and Cosmetic Act for image processing software. No special controls
apply. The product is designed to comply with the applicable standards administered by
CDRH and appropriate submissions will be forwarded as required by the Code of
Federal Regulations.

Image processing software and the related hardware are subject to the following
voluntary standards: Digital Imaging and Communications in Medicine (DICOM) Std.,
Joint Photographic Experts Group (JPEG) Std., and the Society of Motion Picture and
Television Engineers (SMPTE) Test Pattern.

BoneVue is 3D visualization software that has been designed to conform to the DICOM
3.0 standard and the JPEG standard. The use of BoneVue is compatible with various
off-the-shelf hardware components. Those monitors recommended by the Company
will meet the SMPTE test pattern standard.

Confidential and Proprietary Page 3 of 218
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510 (k)
BoneVue Software v1

December 11, 2008

V. LABELING

A draft of the Operator’'s Manual for the BoneVue post processing software, along with a
draft of the product data sheet, are provided in Attachment 1 of this submission.

Vl. DEVICE DESCRIPTION

BoneVue is a software tool for 3D visualization of bone micro-architecture using MRI
datasets with the possibility of manual or automated measurements of descriptive
parameters regarding cortical and trabecular morphology. BoneVue is a workflow tool
intended to assist a trained physician in the assessment of high-resolution MRI datasets
of bone.

BoneVue software is a 3D visualization tool similar to what is used in other MRI post-
processing applications, such as 3D visualization of blood vessels. BoneVue has been
adapted to fulfill the particular needs for visualization and measurement of bone tissue.

The software is designed to operate on a PC running Windows XP (Microsoft Corp.).
The development languages used are IDL (ITT Visual Information Solutions) and C++.

Magnetic Resonance Imaging (MRI) machines use imaging coils to capture the signal
coming from the human body and then reconstruct images. BoneVue can be used in
combination with datasets acquired with a variety of different commercially available
coils that provide high signal-to-noise ratio for high-resolution bone MRI examinations,
including a “bird cage” wrist coil developed by MicroMRI (K 073131).

In addition to a coil, MRI of the bone requires a pulse sequence capable of acquiring
high-resolution images in tissue with magnetic susceptibility effects. BoneVue can
process data from a variety of commercially available pulse sequences. Typically, two
pulse sequences are used, a first sequence for volumetric imaging of cortical bone and
a second sequence for volumetric imaging of trabecular bone. The image data (DICOM
format) from the cortical scan and the raw (k-space) data (or image data in DICOM
format) from the trabecular scan are stored on CD. The CD is then transferred to the PC
on which the BoneVue software is installed and the files are read in for further
processing. Alternatively, secure electronic transfer between networked PCs can be
used in lieu of data transfer using CD.

A more detailed diagram of the BoneVue data and processing flow is illustrated in the
chart and further explained below. BoneVue processing can be run either in automated
mode or in manual mode, in which the user can manually adjust parameters affecting
the segmentation boundaries for cortical and trabecular bone, as described in the
following sections.

Confidential and Proprietary Page 4 of 218
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December 11, 2008

In general, an evaluation of MRI bone datasets involves assessment of both cortical and
trabecular bone. The first step in the processing is to distinguish between cortical and
trabecular datasets since they follow different processing paths. These processing
paths are separately described below.

1. CORTICAL DATA PROCESSING FLOW

The scan protocol generates a volumetric set of a number of slices of cortical bone. The
cortical image data are then stored on a CD in DICOM format, or transferred
electronically to the PC running the BoneVue software.

a. Auto-Masking and Segmentation Module

The first step in processing the cortical images is to perform segmentation to isolate the

cortical bone from the rest of the image and define the trabecular/marrow region on a
(b)(4)

(b)4)

b. Cortical Measurements Module

The initial estimate of the endosteal boundary (output of step 1.a.) is then inputted to the
Cortical Measurements Module. First, (0)4) |

(b))

(g(g)ce the (P)4) | lines are established. the cortex is then seamented bv detectina th

(b)) |

For each cortical slice, the following measurement steps are performed:

Confidential and Proprietary Page 6 of 218
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-

After performing the above operations for each slice, the final values of Cortical Inner
Diameter (Cr.ID), Cortical Outer Diameter (Cr.OD), and Cortical Thickness (Cr.Th.) are
calculated, as further described below. These parameters are presented to the user as
part of the final report and may be stored on CD or printed to hardcopy using the report
generator module.

Cr.ID EEQ% average inner diameter of the cortical shell is calculated as the average of

Cr.OD EEQ?) averaae outer diameter of the cortical shell is calculated as the average of

Cr.Th EIJ;(% average thickness of the cortical shell is calculated as the average of the

It should be noted that the measurements of Cr.Th, Cr.ID, and Cr.OD can also be
performed manually by a user visually inspecting the images. The user can examine

(b))

(b)(4) \

2. TRABECULAR BONE PROCESSING FLOW

The scan protocol generates a volumetric set of a number of slices of trabecular bone.
The trabecular bone processing begins with a DICOM image or raw k-space data stored
on CD or transferred electronically from the MRI scanner.

a. Motion Correction Module
Patient movement during the scan, even on a sub-millimeter scale, can introduce image

artifacts. Since involuntary patient movement cannot completely be prevented, even
when using immobilization techniques, retrospective motion correction is beneficial.

Confidential and Proprietary Page 7 of 218
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The software corrects for translation movement in the x-y plane, ‘(b)(d')

(b)(4)

(6)@) |

The maximum displacements in both x and v directions are monitored. (©)4)

(b))

The motion correction step is optional in BoneVue, and if no navigator echoes are
available, DICOM images can be used and inputted directly into step 2.c. below.

b. Image Reconstruction Module

Following motion correction, a 3D Fourier Transform is applied to the k-space data to
generate motion corrected reconstructed images. The image reconstruction step
incorporates well known and standard filtering techniques, such as an apodizing filter to
avoid Gibbs artifacts.

c. Auto-Masking and Segmentation Module

In the trabecular data flow, the Auto-Masking Module operates on trabecular data in a
similar fashion to step 1.a. to delineate the trabecular Volume of Interest (VOI) for
further processing.

d. Histogram Deconvolution Module

The inputs to this module are trabecular images, either the non-motion corrected ones
extracted directly from the DICOM files, or the motion-corrected output of step 2.b., and
the VOI mask of step 2.c. Only tissue inside the VOI mask, i.e., only the trabecular-
marrow region inside the cortical shell, is used in this and subsequent steps.

The Histogram Deconvolution Module operates on a slice-by-slice basis to produce a
Bone Volume Fraction (BVF) map, as explained below, correcting for intensity variations
across the image due to spatial variations in the signal sensitivity of the coil. The
module also de-convolves the image to remove the effects of acquisition noise.

This module exploits the fact that the trabecular region is bi-phasic, containing only
marrow, which produces a large MRI signal due to its fatty content, or bone, which
produces virtually no MRI signal. Indeed, the trabecular region consists mostly of
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marrow, with a small overall fill factor of bone (typically ~10%). The intensity of any
given voxel is determined by the Marrow Volume Fraction (MVF), which is the
proportion of the voxel that contains marrow. Since the voxels contain only bone and
marrow, BVF is easily calculated:

BVF =1-MVF

To calculate MVF, the effects of spatial variations in signal sensitivity must first be
removed. Since the maximum voxel intensity corresponds to MVF = 1, the local
maximum intensity is calculated for each voxel in a given slice by examining the
histogram of above-average MRI signal intensities in a region up to (®)4) i
size, centered on the given voxel. The mode (most likely value) of the histogram
corresponds to the local value for a voxel containing only marrow (MVF = 1). In this
fashion, for each slice, a marrow intensity map is created which stores the spatial
variation in signal intensity across the image.

Since trabecular bone structures are smaller than the voxel size, voxel signal intensity is
influenced by partial volume effects. Instead of a bimodal distribution, the histogram of
voxel intensity values has a broad maximum (mono-modal), which is further broadened
by the effects of noise. Therefore, the next step in calculating the BVF map for each
slice is to remove the effects of noise and recover the actual intensity values.

It is well known that since the acquisition noise in the MRI signal in the x and y channels
is Gaussian with standard deviation 0, the noise in the measured voxel intensity is
characterized by a Rician distribution:

I 2 > I | I
_ “ measured ,—( a . a2 measured™” actual
P(]measured | ]aclual ) - (72 g e e ]0 ( (72

Where /,() is the modified zeroth-order Bessel function. The measured intensity values
are given by the actual intensity values convolved with the Rician distribution function
above.

The histogram deconvolution module makes an initial assumption of the actual intensity
distribution, adjusts it to reflect the marrow intensity map, and then convolves it with the
Rician noise distribution function referenced above to calculate an estimated measured
intensity distribution. The estimated measured intensity distribution is then compared to
the true measured intensity distribution. The estimation error, which is the difference
between the estimated and true measured intensity distributions, is then distributed
back through the Rician function and used to update the actual intensity distribution.
This process is repeated iteratively until the estimation error is minimized.

In order to produce a noise-free BVF map of the trabecular region, the actual intensity
distribution calculated by the iterative histogram deconvolution method is then used to
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reassign voxel intensity values in the image based on the measured (noisy) intensity
values and connectivity logic, which exploits the fact that bone tends to connect with
other bone. This step removes (non-physical) islands of bone. The BVF map contains
values ranging from 0-100 corresponding to the percent of bone occupancy in each
voxel.

The entire iterative process is repeated during a second pass in which the marrow
intensity map is refined using the BVF map result from the first pass.

e. Trabecular Measurements Module

This module uses the BVF maps to calculate average measures of bone volume/total
volume (BV/TV), trabecular thickness (Tb.Th), trabecular number (Tb.N), and trabecular
separation (Tr.Sp), as further described below.

BV/TV The ratio of bone volume to total volume is calculated by computing the
average value of BVF over the entire multi-slice volume of the trabecular
region.

Tb.Th ('EQ‘% average trabecular thickness for each slice is calculated bv first summing

(b)4) ‘

Tb.N  The linear density of trabecular structures, expressed in units of 1/distance is
given by the quantity (BV/TV)/(Tb.Th).

Tb.Sp The average separation between trabecular structures, given by 1/(Tb.N).

It should be noted that the bone volume fraction and other trabecular measurements
can also be performed manually by a user visually inspecting the images. The user can
examine each slice and carefully trace the trabecular patterns in a defined
representative area, and then count and measure the total trabecular area and total
length of the trabecular segments. BoneVue performs these steps automatically,
avoiding the tedium of manual measurement and saving the user time.

f. Subvoxel Processing Module

The main purpose of this module is to increase the pixel resolution of the BVF map to
display or print a high resolution 3D model of the trabecular bone micro-architecture.
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Subvoxel processing converts each original voxel into an array of smaller subvoxels.

Subvoxel processing is an iterative process. During the first pass the BVF from the

(b))

@) |

3. 3D Image Visualization Module

In this module standard 3D visualization algorithms are used to display a high resolution
3D model of the trabecular bone. The 3D visualization helps a trained physician make a
qualitative assessment of bone micro-architecture, which may be viewed from different
angles and using different visualization modes. BoneVue allows standard surface
rendering views as well as standard maximum intensity projection views. Additionally,
BoneVue allows rotating the 3D dataset with viewing from different angles.

In general, voxels with higher BVF appear brighter. Depth queuing may be used to
modify the intensity of distant regions relative to regions closer to the viewer. In addition,
an opacity matrix determines how ‘rays” from inner voxels propagate to the outer
surface. If all inner rays are blocked, the view will appear as a standard surface
rendering.

To further facilitate visualization of the 3D bone structure, the BVF map is binarized
(bone and non-bone voxels) so that only voxels exceeding a threshold value for bone
volume fraction are displayed. In addition, connectivity logic is used to isolate and
display the trabecular bone network.

Additionally, BoneVue offers the display of a standard “bone plug”, a surface rendering
of a cylinder of central trabecular tissue, as a representative sample of the bone micro-
architecture. This “bone plug” is a representation of the trabecular morphology from a
sample area in the center of the bone. It is for representation only. All quantitative
calculations are based on the entire imaged volume. No calculations are based solely
on the “bone plug” area alone.

4, Measurements and Reports

The fixed outputs of the BoneVue 3D visualization software consist of the following
images and automatically calculated measurements:

Images:
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3D graphic visualization of the trabecular bone using surface rendering (“bone plug”)

Trabecular parameters:

BV/TV Ratio of bone volume to total volume

Tb.Th Average trabecular thickness

Tb.N Average linear density of trabecular structures
Tb.Sp Average separation between trabecular structures

Cortical parameters:

Cr.ID Average inner diameter of the cortical shell
Cr.OD Average outer diameter of the cortical shell
Cr.Th Average thickness of the cortical shell

It should be noted that all measurements of cortical or trabecular parameters can also
be performed manually by a user visually inspecting the images. Although the user has
the option of making manual measurements, BoneVue allows these steps to be
performed automatically, avoiding the tedium of manual measurement and saving the
user time.

The trabecular and cortical parameters are purely descriptive of the morphology of the
bone micro-architecture displayed in the MRI images.

These outputs are presented in a report, which is created by the report generator and
may be printed to hardcopy. The outputs may also be stored on CD for later review.

VII. SUBSTANTIAL EQUIVALENCE

BoneVue 3D visualization software is substantially equivalent to other legally marketed
MR image 3D visualization software tools. Specifically, BoneVue is substantially
equivalent to:

510k Reference No. & Date evice Name Manufacture
K070831 .
Voxar 3D™ Barco View MIS
May 22, 2007
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K011142 _ :
Aquarius Workstation™ TeraRecon, Inc.
May 8, 2001
K053281 EVMS™ Enterprise
September 3, 2004 Visual Medical System Emageon UV, Inc.
KO71331 Vitrea ® Version 4.0
Medical Image Vital Images, Inc.
May 25, 2007 Processing Software

BoneVue has the same intended use, principles of operation, and characteristics as the
previously cleared predicate devices. Each of the predicate devices named above is
used to display the 3D nature of morphology contained in MRI and/or CT datasets in a
variety of formats. Additionally, all the predicate devices named above allow the
measurement of descriptive parameters related to the displayed morphology or tissue.
Although there are differences in the details of the types of images processed by
BoneVue and its predicate devices, those differences relate to the particular anatomic
region of interest addressed by each individual software package. The analysis
performed and the information displayed by BoneVue does not raise new questions of
safety or efficacy relative to the predicate devices.
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Description of Barco View MIS Voxar 3D™

The indications of use for Voxar 3D™ in the KO70831 approval letter by the FDA are
listed as following:

The Voxar product family is a suite of products that is intended to provide tools for
reading and review of a DICOM compliant series of medical images which can be
interpreted as representing a volume of data. These tools are meant for the use of
trained medical imaging professionals to aid in their reading and review of such data.
The Voxar 3D product family provides several levels of functionality:

a. Basic analysis tools used on a daily basis, such as 2D review, orthogonal Multi
Planar Reconstructions (MPRs), oblique MPRs, curved/cross-curved MPRs, slab
MPRs, AvelP, MIP, measurements, annotations, reporting, and distribution.

b. Tools for in-depth analysis, such as regional segmentation of anatomical
structures within the image data, endoscopic review, color volume rendering of
the finite thickness data cross-sections, 3D review of data volumes, path
definition through vascular and other tubular structures and boundary detection.

c. Specialist tools and workflow enhancements for specific clinical applications
which provide directed workflows, custom User Interfaces, and special
measurement and reporting functions optimized for the specific clinical
applications. Specialized clinical applications include:

e Colon Screening (which is intended for the screening of patients for
colonic polyps, tumors and other Ilesions wusing tomographic
Colonography),

o Vessel Analysis (which is intended for the qualitative and quantitative
analysis of tomographic aniographic studies to evaluate occlusive and
aneurismal diseases and the effectiveness of stents and stent grafts),

e Coronary Artery Analysis (which is intended for the qualitative and
quantitative analysis of coronary arteries to evaluate occlusive and
aneurismal disease),

e Functional Cardiac Analysis (which is intended to evaluate the functional
characteristics of the heart),

e PET-CT Reading (which is intended for the analysis of lesions using FDG
imaging from hybrid PET-CT scanners).

This product is not intended for use with or for the primary diagnostic interpretation of
Mammography images.
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The following illustrations have been taken from the Barco web site (www.barco.com)
and illustrates the features and the use of Voxar 3D ™.

(P e

Suite of advanced visualization tools including MIP, MPR, 3D,
segmentation and bone removal

Voxar 30 offers a full suite of advanced visualization and analysis
tools Qm nized to deliver productivity and high-quality multi "m-:*i
reports. With Voxar 3D vou can read large volumetric datasets

mf & v’rf cie “1%1;, in any gji“a ne, at any thickness without
orapromising on image quality, ‘3}“‘&:‘6:’? and ease-of-use,
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Voxar 30 VessetMETRIx Voxar 30 CarosMerrix

Varar 30 CotonMeTrix Voxar 3D PET/CT Fusion
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Description of TeraRecon, Inc. Aquarius Workstation™

The indications of use for Aquarius Workstation™ in the KO11142 approval letter by the
FDA are listed as following:

To acquire, store, transmit, and display medical images from medical scanning devices
such as EBT, CT or MRI and patient reports of various types. Teleradiology, image
acquisition, distribution, archiving, image manipulation, 3D and 4D visualization are
supported. The software supports post-processing based on CT or MR images
continuously acquired to aid in the assessment of time-dependent behavior of the image
density or dimension of certain regions of interest. Calcium Scoring from whole body
computed tomography derived measurements, for non-invasive detection and
quantification atherosclerotic plaque. Tools for histogram analysis of the density
distribution of certain regions of interest are provided. A database management and
report generation tool is included.

The following illustrations have been taken from the TeraRecon, Inc. web site
(www.terarecon.com) and illustrates the features and the use of Aquarius
Workstation™.
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Designed For Modern Multi-Slice
CT & MR Scanners

Aquarius enables real-time diagnostic review
of 2D, 3D, and 4D images from almost all
modialities, and incorporates workilow-
enhancing tools with an intuitive user interface.
Aquarius is designed to manage the most
demanding volumetric datasets acquired from
modern multi-slice CT and MR scanners, It offers
d comprehensive suite of clinical application
modules and has been carefully designed for
streamlined workilow and ease-oi-use.
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Oncology

ncolony. limer chafaciorizatlion with vourne
Mmeasurelnents and detailed Bvaluation of vescular suppby

Lung-—solitary pUllmonary nodule essessiment wibh autc
Seoehlalon ahd volUlme meacsue mants

Colonography—Intearaled 20,30 and side by sids review
Rapid aulo.navigation wilh encaluminal analvsi,

Clinical Analysis Tools

SAT Segmemation-Analysis Tracking for analyzing and tracking volumes,
[e.q. soft-tissue masses or solitary pulmonary nodules.]

TDA: Time-Density Analysis for studying time-dependence of contrast enhancemeant.
[z a. Enhancement of brain tissue due to perfusion with contrast enhanced blood ]

TVA: Time-Volume Ansalysis for analyzing changes in volume owver time,
le.q. change invelume of left ventricle during the cardiac cyecle]

VAT, Vascular Analysis Toolfor anslyzing thrombus, calcifications, and endoleaks.

Calelum Scaring Analysis 1o detect and quantify atherosclerotic plague burden in the caronary and other arteries,
Advanced Ssgmentation, Measuring, and Editing Tools.

Automated Templates load cases directly to the clinically appropriate 3D and/or reformatted views,

Ghiick Cubic Viewing Is a guick examination tool to visualize volume regions of interest from the Inside and outside.
Advanced 3D measurement tools allow for angle and distance measuremeants relative to fiducial markers.

Region growing includes erosion, dilation, and masking.
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Description of Emageon UV, Inc. EVMS™ Enterprise Visual Medical System

The indications of use for EVMS™ in the K053281 approval letter by the FDA are listed
as following:

The Enterprise Visual Medical System ™ is classified as a picture archive and
communications systems. It is a software only solution developed by Emageon Inc.,
combined with other 3™ party off-the-shelf software, standard computer workstations
and standard storage devices that allow authorized physicians and authorized health
care professionals to manage, access, visualize and store digital medical images,
visualization tools, clinical content management and clinical work flow through a
graphical user interface. Advanced Visualization (Image Viewing) includes: Full
featured 2D imaging, 3D surface and volume rendering, Real-time Multi-Planar
Reformatting (MPR), Real-time Streaming, JPEG and Key Image Note export,
Presentation States, Annotation and study management, softcopy viewing of digital
mammography images provided that only 5 MP monitors with a cleared 510(k) are used
and that digitized secondary captures of these images are not viewed for assisting in
diagnosis, utilization of third party electronic orthopedic templates, the display of
Standard Uptake Value, recording voice reports using third party, plug-in software, and
user configurable setting for viewing digital medical images and corresponding data.

The following illustrations have been taken from the Emageon UV, Inc._ web site
(www.emageon.com) and illustrates the features and the use of EVMS™ Enterprise
Visual Medical System.
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Description of Vital Images. Inc. Vitrea ® Medical Image Processing Software

The indications of use for Vitrea ® Medical Image Processing Software in the K071331
approval letter by the FDA are listed as following:

Vitrea is a medical diagnostic system that allows the processing, review, analysis,
communication and media interchange of multi-dimensional digital images acquired
from a variety of imaging devices. Vitrea is not meant for primary image interpretation
in mammography. In addition Vitrea Version 4.0 has the following addition indication:

e Cardiac EP Planning is a post-processing advanced visualization application that is
intended to be used for the analysis and assessment of the heart including the
atria, pulmonary veins, and coronary sinus. The application provides analysis tools
which include a number of display, quantitative measurement and 3D model export
capabilities for use with the St. Jude Ensite System. The application can be used
to aid trained physicians in the visualization and assessment of cardiac anatomy.

e The SUREPIaque™ software application is intended to assist trained physicians in
the stratification of patients identified to have atherosclerosis. This software post
processes images obtained using a multidector CT. The package provides tools
for the measurement and visualization (color coded maps) of arterial vessels.

e The Vessel Probe option is intended for viewing the anatomy and pathology of a
patient’s peripheral arteries. Clinicians can select any artery to view the following
anatomical references: the highlighted vessel in 3D, two rotate-able curved MPR
vessel views displayed at angles orthogonal to each other, and cross sections of
the vessel. Cross-sectional measurements can be obtained using standard Vitrea
software measuring tools. Clinicians can semi-automatically determine contrasted
lumen boundaries, stenosis measurements, and maximum and minimum lumen
diameters. In addition, clinicians can edit lumen boundaries and examine
Houndsfield unit or signal intensity statistics. Clinicians can also manually
measure vessel length along the centerline in standard curved MPR views.

The following illustrations have been taken from the Vital Images, Inc. web site
(www.vitalimages.com) and illustrates the features and the use of Voxar 3D ™.
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Vitrea® Software

Vitrea® software is Vital Images’ advanced visualization solution that creates 2D,
3D and 4D images of human anatomy from CT (computed tomography) and MR
(magnetic resonance) image data. With this productivity-enhancing tool, physicians
can easily navigate within these images to better understand disease conditions.
The Vitrea product addresses specialists’ needs through various software options for
cardiac, colon, vessel probe and other applications. In addition, Vitrea software
utilizes an intuitive clinical workflow and automatic settings to improve speed and
simplicity. Other capabilities and partnerships with PACS (picture archiving and
communications systems) providers expand physicians’ access to Vitrea software
throughout an enterprise.

Coronary

» Zero-click vessel tree segmentation

» Easy vessel management across multiple phases

* Right-click tool palettes

» Easy vessel management & labeling

» Easy centerline editing

» Comprehensive reporting with auto population of findings
« 3D tool access through click and pause

Vascular

* Lesion tool and SUREPlaque™ for carotids, renals and peripherals

» Curved/cath view and optimized layouts for all vessels Electrophysiology (EP)
» Automatic left atrium and pulmonary vein segmentation

» Easy measurements of the left atrium and the pulmonary vein ostia diameter
« |dentifies the location of the esophagus

» Export 3D images to St. Jude Medical EnSite® Workstation

Colon

* Polyp probe for easy characterization of potential polyps
» Easy polyp management

* CAD integration for easy and comprehensive read

» Automatic Prone/Supine registration

 Improved fly-through for smooth traversal

Neuro

» Automatic artery and vein selection

» Motion correction

» Simultaneous multi-slice computation for 4D motion perfusion
» Greater control of display parameters

» Singular Value Decompostion (SVD) deconvolution
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Radiology

Vital Images' "complexity made simple" approach provides radiologists with fast and powerful solutions
that increase efficiency and provide powerful clinical tools. The company's solutions set the standard for
ease of use with its intuitive tools. And, its combined workstation and Web-client solution enables a
streamlined workflow designed to improve efficiency. Check out our full solution today.

Vessel Probe™

Vessel Probe is a fast and easy-to-use tool for identifying and segmenting particular vessels of interest. This tool
allows users to examine multiple vessels and easily calculate stenosis measurements.

Highlights of Vessel Probe include:
» Vessel segmentation

 Highlighted vessel view in 3D viewer
» Automatic centerline generation

» Multi-planar reformats

» Automatic orthogonal cross-sections
» Synchronized cross-hair tracking
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Summary of Equivalence Findings

BoneVue has the same intended use and principles of operation and characteristics as
the previously cleared predicate devices. BoneVue and each of the predicate devices
named are used to process and display, in a variety of formats (including 3D
Visualization), the information contained in MR (and/or CT) datasets, and allow both
manual and automated measurements.

Although there are differences in the details of the types of images processed by
BoneVue and its predicate devices, those differences relate to the particular anatomic
region of interest addressed by each individual software package. The analysis
performed and the information displayed by BoneVue does not raise new questions of
safety or efficacy relative to the predicate devices.

See Attachment 2 for a substantial equivalence chart comparing the similarities and
differences between BoneVue and the predicate devices named above.

See Attachment 3 for promotional information regarding each of the predicate devices.

VIIl. SOFTWARE INFORMATION

A. Level of Concern

As discussed in greater detail below, BoneVue presents a “minor” level of concern as
defined in FDA’s Guidance for the Content of Premarket Submission for Software
Contained in Medical Devices (May 11, 2005). According to the Guidance Document,
software has a “minor” level of concern when “failures or latent design flaws [in the
software] would not be expected to result in any injury to the patient and/or operator.”
Clearly, this is the case with the BoneVue, since the software does not in any way
control a device which acts as a monitor or administers medication to a patient. Further,
in the FDA’s Guidance for the Submission of Premarket Notifications for Magnetic
Resonance Devices (November 14, 1998), it specifically states “software for MR
devices that is used to perform image reconstruction or image processing is considered
to be of minor level of concern.”

Using the FDA’s “Approach to Deciding Level of Concern” as detailed in the Guidance
Document, the BoneVue has a minor level of concern for the following reasons:

BoneVue is not a life supporting or life sustaining device; thus, a failure or latent design
flaw in its software will not result in the termination of life support or life sustaining
activities;

BoneVue does not control the delivery of any potentially harmful energy that could
cause death or serious injury;
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BoneVue is not used for diagnostic purposes or to control or deliver a treatment system
that can cause death or serious injury; rather, BoneVue provides information to be used
by medical personnel for visualizing bone morphology; and

BoneVue is not intended to monitor vital signs or sound alarms for potentially life
threatening situations in which intervention is necessary.

Conclusion: Based upon the Hazard Analysis (See Attachment 4) and the Guidance
for the Content of Premarket Submission for Software Contained in Medical Devices, as
well as the Guidance for Submission of Premarket Notifications for Magnetic
Resonance Diagnostic Devices, the Level of Concern for BoneVue software is
determined to be “Minor”.

B. Software Description

BoneVue is a software only device. The device description in Section VI provides a
detailed summary overview of the features and operating environment of BoneVue
software.

C. Device Hazard Analysis

BoneVue Hazard Analysis document (See Attachment 4) was developed in accordance
with EN-001.000, SOP on Design Control and EN-002.001, SOP on Hazard Analysis
and approved on October 28, 2008. A signed and dated copy of the document is
included in the Design History File.

D. Software Requirements Specification

BoneVue System Requirement Specification (See Attachment 5) was developed in
accordance with EN-001.000, SOP on Design Control. A signed and dated copy of the
document is included in the Design History File. The text below is an appendix form the
System Requirement Specification which provides a summary of the functional
requirements.

Introduction

This appendix captures the foreseen, chief use cases for the BoneVue application, as it
will be utilized in a clinical setting. While the use cases were used to drive the
BoneVue system requirements, which are presented in the main document, they
are not in themselves requirements, but rather general term guidelines to the
structuring of the application, provided in a flow-oriented format. It is therefore
expected that the fine details of the use cases may change during the system’s
design, though in concept they remain valid. The ultimate usage of the application
will be captured in the BoneVue User Manual.
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The use cases given here include the system-level interactions between the User
and the BoneVue User Application (referred to simply as BoneVue in the use cases),
as well as the internal communication between the application and its underlying
components, primarily, the Bone Processing Software (BPS). The details of the
processing flow within BPS are outside the scope of this document aside from the
flow’s impact on the manual QC procedures. Note also that use cases for the
technical user relating to system configuration and maintenance were not developed
at this time.

Use Cases

UC-1 Input Handling

1.1  Prerequisites
1.1.1 A dataset is available on one of the file system’s drives.

1.2 Trigger

1.2.1 The user wishes to load a dataset for processing.

1.3 Main flow (success-oriented)

1.3.1 The user opens an input selection screen.

1.32 BoneVue opens a file browser.

1.33 The user browses through the file system to the input dataset’s location.

1.34 The user selects the input dataset.

1.35 BoneVue displays and stores the path to the input dataset.

1.3.6 BoneVue displays key information, such as patient name/ID, age, scan date/time, and
referring physician, which is extracted from the dataset’s header.

1.4 Comments

1.4.1 The user may copy the dataset from an optical drive, received from the scanner, to any
folder on the local system.

142 The selection GUI will allow folder selection for cortical bone processing input and file

or folder selection for trabecular bone processing input.

1.5 Success conditions
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1.5.1 The requested dataset is available for processing.
1.6  Failure conditions’
1.6.1 None

1.7 Alternative flows

1.7.1 None
UC-2 User-Initiated Automatic Processing

2.1 Prerequisites

2.1.1 A dataset is available in the local file system.

212 The system is not set to Manual OC mode (i.e., without user interaction).

2.2 Trigger

221 The user wishes to process a dataset.

2.3 Main flow (success-oriented)

231 The user selects the series (single or pair) for which processing is needed (see UC-1).
232 BoneVue passes the dataset’s path to BPS.

233 BoneVue launches a progress bar (or similar mechanism) to indicate which dataset is
being processed and the status of processing.

234 BPS generates the required outputs.

235 BPS generates a processing successfully completed event.

23.6 BoneVue marks the dataset as processed.

237 BoneVue indicates to the user that the dataset was successfully processed.

238 BoneVue launches the results viewer.

2.4 Comments

241 Currently available processing flows include Trabecular Bone Processing (TBP) and
Cortical Bone Processing (CBP), each requiring dedicated data acquisition.

! Structural failures, such as a optical media corruption, are ignored throughout this document.
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242 In the typical case where a study includes both a TBP and CBP series, BoneVue will
display in step 2.3.8 the results of both flows in a combined view, so as to facilitate an
integrated report.

2.5 Success conditions

251 The required results are stored.

252 The dataset is labeled as processed.

2.6 Failure conditions

2.6.1 The user selects two series, each pertaining to a different study (step 2.3.1)

26.1.1 BoneVue alerts the user to the mismatch and suggests processing each series
separately.

2.6.1.2  BoneVue terminates the flow.
262 The user selects an input folder with more than one valid series (step 2.3.1)

2621 BoneVue alerts the user to the multiplicity and suggests copying the dataset to a
new location.

2622 BoneVue terminates the flow.

263 BPS is unable to process the dataset, for example, due to an unsupported file format or
type, or excessive motion (step 2.3.4)

2631 BPS generates a failure event for the relevant processing step.
2.63.2  BoneVue indicates processing failure in the processing progress view.
2.63.3  BoneVue marks the dataset as processing failed and logs the reason for failure.

2.63.4  If the other series (TBP/CBP) can be successfully processed, BPS will do so. On
step 2.3.8, BoneVue will utilize the available results.

264 The user aborts processing (step 2.3.4).

2641 BoneVue marks the dataset as partial processing and logs the reason for failure.

2.7 Alternative flows
271 Both series selected by the user had already been processed in the automated mode
(step 2.3.1)
2711 BoneVue displays the results viewer.

272 One of two series selected by the user had already been processed in the automated
mode (step 2.3.1)

2721 BoneVue passes to BPS only the dataset ID for the not-yet-processed series.
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2722  The procedure follows the main flow given above from step 2.3.3.

2723 If a combined display is required on step 2.3.8, BoneVue will utilize the pre-
existing results for the relevant processing flow.

273 Restart processing - the user selects a series, which is marked partial processing (step
23.1)

2731 The procedure follows the main flow.

2732  On step 2.3.8, BPS will utilize all available outputs and resume processing from
the relevant stage.

274 A series selected by the user had already been processed in the manual QC mode (step
2.3.1)

2741 BoneVue alerts the user that all the output files for this exam will be deleted,
including the final report.

2742  If the user approves, BoneVue requests BPS to clear the output folder of all files
and deletes the report file.

2743  BoneVue performs the main flow.
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2.8 Use case diagram
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Figure 2: User-initiated automatic processing of a single study. The diagram covers the main flow
as well as the alternative flows pertaining to previously processed data (in the current mode) and

single series processing.
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UC-3 User-Initiated Manual Processing

3.1 Prerequisites

3.1.1 A dataset is available in the local file system.

3.12 The system is set to OC mode.

3.2 Trigger

321 The user wishes to process a study, verifying the results at key intermediary steps (and
editing the results as needed).

3.3 Main flow (success-oriented)

331 The user selects the series (single or pair) for which processing is needed (see UC-1).

332 BoneVue passes the dataset ID to BPS, requesting a controlled process.

333 BPS reads the CBP series and generates the 3D mask, which initializes the endosteal
boundary for cortical segmentation.

334 BPS indicates to BoneVue that CBP has been initialized.

335 BoneVue displays to the user the automatically-generated 3D mask in a stack view,
where each slice of the mask is represented by a contour overlaid on the corresponding
image slice.

336 The user approves the mask.

337 BoneVue orders BPS to resume processing.

338 BPS performs cortical segmentation.

339 BPS indicates to BoneVue that cortical segmentation is done.

3.3.10  BPS displays to the user the automatically-generated cortical boundaries in a stack
view, where the corresponding boundaries are represented as overlaid colored contours
on each image slice.

3.3.11 The user approves the detected boundaries.

3.3.12 BoneVue orders BPS to resume processing.

3.3.13  BPS completes CBP, storing the required outputs.

3.3.14 BPS indicates to BoneVue the completion of CBP.

3.3.15 BoneVue marks the series as processed.

3.3.16  BPS reads the TBP series and performs motion correction.

3.3.17 BPS indicates to BoneVue that motion correction is done.

3.3.18 BoneVue displays the motion-corrected image and/or motion graphs to the user.

Confidential and Proprietary Page 34 of 218

FOI - Page 58 of 255



510 (k)
BoneVue Software v1

December 11, 2008

3.3.19 The user approves that the image is fit to be processed.

3.3.20 BoneVue orders BPS to resume processing.

3.3.21 BPS generates the ROI mask.

3.3.22 BPS indicates to BoneVue that the automatic ROI generation is done for TBP.

3.3.23 BoneVue displays to the user the automatically-generated 3D mask (ROI) in a stack
view, where each slice of the mask is represented by a contour overlaid on the
corresponding image slice.

3.3.24  The user approves the ROL
3.3.25 BoneVue orders BPS to resume processing.

3.3.26  BPS processes the dataset, generating a successful completion event at the end of each
processing step.

3.3.27 BoneVue updates the processing status in the processing progress view.
3.3.28 BPS generates the required outputs.

3.3.29 BPS indicates to BoneVue the completion of TBP.

3.3.30  BoneVue marks the series as processed.

3.3.31 BoneVue indicates to the user that the study was successfully processed.

3.3.32 BoneVue launches the results viewer, displaying the results of both flows.

3.4 Comments

34.1 None.

3.5 Success conditions

3.5.1 The required results are in the database.

352 The dataset(s) is labeled as processed.

3.6 Failure conditions

3.6.1 The user rejects CBP initialization (step 3.3.6) or the cortical boundaries (step 3.3.11)
3.6.1.1 The user enters or selects a rejection reason.

3.6.1.2  BoneVue terminates CBP (it may continue to TBP if the relevant input is
available).

3.6.1.3  BoneVue marks the CBP series as rejected by user and logs the reason.

362 BPS is unable to process a CBP series, for example, due to an unsupported file format
or type (steps 3.3.3,3.3.8,3.3.13)
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3.62.1 BPS generates a failure event for the relevant processing step.

3.6.2.2  BoneVue indicates processing failure in the processing progress view.
3623 BoneVue marks the CBP series as processing failed and logs the reason.
3.6.2.4  The procedure continues from step 3.3.16 (TBP).

3.6.2.5  Only TBP results will be shown on step 3.3.32.

3.63 The user rejects the motion correction results (step 3.3.19) or the ROI mask (step
3.3.24)

3.63.1 The user enters or selects a rejection reason.
3.6.3.2  BoneVue marks the TBP series as rejected by user and logs the reason.
3.6.3.3  Only CBP results will be shown on step 3.3.32.

3.64 BPS is unable to process a TBP series, for example, due to an unsupported file format
or type (steps 3.3.16, 3.3.21, 3.3.26)

3.64.1 BPS generates a failure event for the relevant processing step.

3.6.42  BoneVue indicates processing failure in the processing progress view.
3.643 BoneVue marks the TBP series as processing failed and logs the reason.
3.6.44  Only CBP results will be shown on step 3.3.32.

3.6.5 The user aborts the process midway or selects to cancel processing at any of the QC
steps (steps 3.3.6,3.3.11,3.3.19, 3.3.24)

3.65.1 BoneVue/BPS stores all the output available at this point.
3.6.52  BoneVue ensures the appropriate dataset is marked partial processing.
3.6.5.3  BoneVue terminates the procedure.

3.6.6 The user selects an input folder with more than one valid series (step 3.3.1)

3.6.6.1 BoneVue alerts the user to the multiplicity and suggests copying the dataset to a
new location.

3.6.6.2  BoneVue terminates the flow.

3.6.7 BPS detects that the SNR is lower than the recommended threshold.
3.6.7.1 BPS generates a failure event for the relevant processing step.
3.6.7.2  BoneVue indicates a low SNR instance.

3.6.7.3  The user may approve processing nevertheless — the main flow is resumed; the
user may choose to reject the dataset — see 3.6.3; the user may choose to cancel
processing altogether — see 3.6.5.

3.7 Alternative flows
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3.7.1 The user selects to process a single dataset (step 3.3.1)

3.7.1.1 Main flow steps 3.3.3-3.3.15 or 3.3.16-3.3.30 are skipped, depending on the
dataset’s type.

3.7.1.2  On step 3.3.32, BoneVue will display single series results.

372 Restart processing - the user selects a series, which is marked partial processing (step
3.3.1)

3.72.1 The procedure is handled as reprocessing with partial data (see 3.7.4).

3.73 The user wishes to edit the automatically generated results (steps 3.3.6, 3.3.11, or
3.3.24) — see UC-7.

3.73.1 The procedure continues with the edited mask.
3.74 A series selected by the user had already been processed (step 3.3.1)

3.74.1 The flow will go from one QC step to the other until the user decides to
change the existing data on steps 3.3.6, 3.3.11, or 3.3.24 (or the required data
does not exist in the case of a partially processed dataset as input).

3.742  Once the user changes the existing data, BoneVue alerts the user that all the
output files for this and subsequent processing steps, including the final report, will
be deleted.

3743 If the user approves, BoneVue requests BPS to clear the output folder of all
relevant files and deletes the report file.

3.744  BoneVue will resume the main flow from the appropriate step until the
results are displayed.

E. Traceability Analysis

BoneVue Traceability Matrix (See Attachment 6) was developed in accordance with EN-
001.000, SOP on Design Control and is included in the Design History File.

F. Verification and Validation Documentation

The Software Functional Test Plan, including pass fail criteria and results are included
in Attachment 7. This document is a subset of the Design Verification and Validation
Plan required by EN-001.000, SOP on Design Control, and part of the Design History
File.

G. Revision Level History

This is the initial release of BoneVue Software. Revision History Logs of all required
documents are maintained as part of the Design History File.
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IX. CONFIDENTIALITY

MicroMRI, Inc. considers its intent to market the BoneVue as confidential commercial
information. The Company has not disclosed its intent to market this device to anyone
except its employees, others with a financial interest in the Company, its advertising or
law firms, and its consultants. The Company, therefore, requests FDA not to disclose
the existence of this application until such time as final action on the submission is
taken.

Some of the material in this application may be a trade secret, confidential commercial
or financial information within the meaning of 21 C.F.R. §20.61 and therefore not
disclosable under the Freedom of Information Act, even after the existence of the
application becomes public. The Company therefore asks to be consulted with as
provided in 21 C.F.R. §20.45 before making any part of this submission publicly

available.

X. SUBMITTER’S NAME AND ADDRESS
MicroMRI, Inc.
580 Middletown Boulevard
Suite D-150

Langhorne, PA 19047
Phone: 267 212-1100
Facsimile: 267 212-1101

Xl. CONTACT PERSON

Richard Elrath, CMQ/OE

Manager Quality Assurance and Regulatory Affairs
MicroMRI, Inc.

580 Middletown Boulevard

Suite D-150

Langhorne, PA 19047

Phone: 267 212-1119

Facsimile: 267 212-1101

Email: relrath@micromri.com

XIl. 510(k) SUMMARY

This 510(K) summary of safety and effectiveness information is submitted in accordance with
the requirements of 21 CFR Part 807.87(h).

Submitter’s Information:

Manufacturer: MicroMRI, Inc.
580 Middletown Boulevard
Suite D-150
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Contact:

Phone:
Facsimile:
Email:

Langhorne, PA 19047

Richard Elrath

Manager Quality Assurance and Regulatory Affairs

MicroMRI, Inc.
267 212-1119
267 212-1101
relrath@micromri.com

Trade Name, Common Name and Classification:

Trade Name:
Common Names:
Classification Name:
Product Code:

Predicate Devices:

BoneVue

Image processing software

System, Image Processing, Radiological

LLZ

510k Reference No. & Date

Device Name

Manufacturer

KO70831
May 22, 2007

Voxar 3D™

Barco View MIS
2 Anderson Place
Edingburgh, EH6 5NP,
UK

K011142
May 8, 2001

Aquarius Workstation™

TeraRecon, Inc.
2955 Campus Drive,
Suite 325
San Mateo, CA 94403

K053281
September 3, 2004

EVMS™ Enterprise
Visual Medical System

Emageon UV, Inc.
131 Wilson Street
Suite 700
Madison, WI 53703

KO071331
May 25, 2007

Vitrea ® Version 4.0
Medical Image
Processing Software

Vital Images, Inc.
5850 Opus Parkway,
Suite 300
Minnetonka, MN 55343
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Device Description:

BoneVue evaluates high-resolution MRI datasets containing bone tissue and provides
3D visualization of trabecular structures as well as measurements of descriptive
parameters regarding cortical and trabecular morphology.

The following cortical measurements are reported. average cortical inner diameter,
average cortical outer diameter, and average cortical thickness.

The following trabecular measurements are reported: average measures of bone
volumeftotal volume, trabecular thickness, trabecular number, and trabecular
separation.

The 3D visualization module is used to display a high resolution 3D model of the
trabecular bone and its micro-architecture. The 3D visualization helps a trained
physician make a qualitative assessment of bone micro-architecture, which may be
viewed from different angles. BoneVue allows standard surface rendering views as well
as standard maximum intensity projection views.

Additionally, BoneVue offers the display of a standard “bone plug”, a surface rendering
of a central cylinder of trabecular tissue, as a representative sample of the bone micro-
architecture.

Indications for Use:

BoneVue is a software tool for 3D visualization of bone micro-architecture using MRI
datasets with the possibility of manual or automated measurements of descriptive
parameters regarding cortical and trabecular morphology. BoneVue is a workflow tool
intended to assist a trained physician in the assessment of high-resolution MRI datasets
of bone.

Technological Characteristics:

BoneVue software does not control image acquisition and can be used with a variety of
commercially available pulse sequences and imaging coils. BoneVue does not contact
the patient, nor does it control any life sustaining devices. A trained physician interprets
the data and information being displayed.

Performance Testing:

BoneVue has been successfully tested and has met acceptance criteria previously
established in accordance with documented procedures.
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Conclusion:

The 510(k) Pre-Market Notification contains adequate information and data to enable
FDA - CDRH to determine substantial equivalence to the predicate devices. BoneVue
has been developed, and will be manufactured in accordance with the MicroMRI's
established Quality Policy Manual, which meets all of the requirements of 21 CFR Part
820, Quality System Regulation and I1SO 13485, Medical Devices — Quality
Management Systems — Requirements for regulatory purposes. The submission
contains the results of a hazard analysis and the “Level of Concern” for potential
hazards has been classified as “Minor”.
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Xlll. STATEMENT of INDICATIONS FOR USE

Indications for Use

510(k) Number (if known):  N/A

Device Name: BoneVue

Indications for Use:

BoneVue is a software tool for 3D visualization of bone micro-architecture using MRI
datasets with the possibility of manual or automated measurements of descriptive
parameters regarding cortical and trabecular morphology. BoneVue is a workflow tool
intended to assist a trained physician in the assessment of high-resolution MRI datasets

of bone.
Prescription Use _ X AND/OR 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)
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XIV. TRUTHFUL AND ACCURATE STATEMENT

10k
BoneVue Softivare vi

Desgmber 1, 2008

XIV. TRUTHFUL AND ACCURATE STATEMENT

{As required by 21 C.F.R. § 80787011}
Lecertify that, in my capacity as President and Chief Exacutive Officer of MicroMRI, inc., 1
believe 1o the best of my knowledge, that all data and information submitted i this
premarket notification for the BoneVue are wruthiul and accurate and that no material

fact has been amitted.

December 11, 2008

i

Andreas Muehler, MD, MBA

President and CEQ

MicroMRI, inc.
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ATTACHMENT 1
Labeling

Product Marketing Brochure
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BoneVue™
Operator’s Manual

MR Image Post-Processing Software

MicroMRI

BY-DIMR-LEL001 000:03
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ABOUT THIS DOCUME?

Disclaimer

MicroMRI is not resporisible for any issuss arsing from changes made to the computer
hardwars or operating system gfter the delivery of the software or for problems that ccour
as a result of the use of the BoneWue™ software in conjunction with norefMicroMR|
software other than that sedplicitly coverad in this documentation.  For a complete
deseription of warranty, please refer to the End User License Agreement (EULAY
provided with the MicroMRI BoneWue ™ software product,

Caution

Far optimal results, the BoneVus™ software should be used to anglvze images captured
on A magnstic resorance imaging device of 1.5 Tesla or greater. The results of a
BoneWue™ analysis ars displaved on the computer monitor, BoneVue™ image sets and
numeris oulput should be interpreted by frained physicians only.

The BoneWVue™ software is compatible with all Magnetic Resorvance Imaging systems
that are Digital imaging and Communications in Medicine (DICOMY 3.0 compliant and
can orun on Windows-based operating systems.  No gddiional software & reguired.
Please confifmt thal vour systern has gl the reéquireéd prerequisites for this sofbiare
application. Pleass call MicroMRLal 267-212-1100 or e-mail info@micromri com for morsg
information.

Formore infurmation about DICOM, please refer to the National Electrical Manufacturer's
Assodation (NERMA) ab: hito: dwww nema.orgforedfmedidicom.cfim.

Regulatory Notices

The MicroMR] Quality Management  System: complies with the requirements. of 180
13485: 2003 entitled Medical devices — Cuality management systems — Reguirements
for regulatary purposes, FDA 21 CFR Part B20 entitied Quality System Reguiafion (QSR
ar ¢GNP, Eurgpean Medical Device Directive BMIEED, and Medical Device Vigilancs
Svsterm MEDDECY 2.12/1= Canadian Medical Device Regulations (CMDR) Registration
SORGE-282 Footdand Drugs Act.

Feedback

As part of our commirment to provide the highest qualty products and services, we
sncourage feedback on the quality of this documentation. Please send guestions ar
suggestions to info@microrricom and include this Opesrator’s Manual identifier BY-
DIR-PLE-0O01.006-03.

Boneyue™ Dperalors Menual -

BY-DIMR-PEL-001.000-03

]
]
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DOCUMENT CONVENTIONS

When you read this Operator's Manual, you will see that certain words are represented in
different fonts, typefaces, sizes and weights. This highlighting is systematic; different
words are represented in the same stvle to indicate their inclusion in a specific directory.
The types of words that are represented this way indude the following:

commend (Cotrier MNew fonti
Windows DOS or command-prompt commands are represented using the
Courier New font: This style indicates that you can type the word or phrase on
the command line and press [Enter] to invoke a command.
For example: wirver. exe

APPLICATION
This style in bold all. CAPS type should indicate that the program named is an
end-user application: (as opposed to a program that is part of MicroMRI
BoneWue "M software suite).

lkey]
Akey onthe kevboard is shown in this stvle.
For example: press [Enter]

[keyl-[combination]
A-combination of keystrokes is represented this way.
For example; press [Ctrip{Alt} [ Delete] will invoke the Task Manager program,

Text found on GUI interface
A title, word, or phrase found on a GUI interface screen or window will be shown
inthis style.
For example, Selectthe Polygonradio buttory in RO Tools,

*button” on-a GUI screen
This text indicates that the enclosed text will be found on a clickable button.on a
GUI screen:
For examgle: Click *Next™ to proceed with the installation.

Sequence 3 of ¥ Commands
This indicates a series of commands.or buttons to be clicked,
For example: Click Start ~» All Programs 3 MicroMR|

This symbol indicates an important instruction for proper usage of BoneVug™
software or proper interpretation of its outputs.
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INTENDED PURPOSE

This Operator’s Manual focuses on how to use BoneVue™ software and is idesl for
radiologists or PACSE administralors who want {o install, configure and operate this
systermn. This document will help you configure your systerr, guide you through the basic
operational steps, and assist in troubleshooting the software in case of problems.
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INTRODUCTION

This Operators Manual describes how to install and operate the MicroMRI
BoneVue™ software.

Related Documents

MicroldRI DICOM CONFORMANCE STATEMENT

PREREQUISITES

Software Requirements

BoneWue™ runs on Microsoft Windows XP Professional Edition.. The O8 should
be patched with the latest Windows Service Facks and Windows hot fixes.

Hardware Requirements

MicroMRI recommends the following minimum computer hardware specifications:

» 1.4 GHz processorspeed

= 512 Megabytes of RAM

= 10 Gigabvtes available space on primary hard drive
= 18" orhigher LCD display monitor

Operating System Requirements

The account an-which the BoneWVue ™ will run should have "administrator'-leve!
privileges and permissions. The account should have both read and write access
to-Windows Services, registries and Scheduled Tasks, Additionally, the account

should have full access to the files and folders in which the DICOM images will
be stored.
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PRODUCT OVERVIEW < inpicaTions For UsE

The MicroMRI BoneVue™ medical imaging post-processing software provides
the most sophisticated tool ‘available for 3D “isualization of bane micro-
architechire using high resolution MRI datasets. MicroMRI revolutionizes the
clinical radiology experience with an easy to-use software application that
provides interactive 3Dvisualization of the trabecular bone as well as automated
measurements of deseriptive parameters regarding the cortical .and trabecular
bone.

BoneVue™ processes the MR data and provides the following measurements:

Mame Unite | Deseription

BY/TY Y% Ratio of bone volume to total volume

Tb.Th um fean trabeacular thickness

Th.&p ym Mean separation betweeh frabeculsr plates
ThiN Yo | Mean Hnsar density {pitch) of trabecular plates
Cr.0D mEn Mean outer diameter of cortical shell

CriD mim Mear inner diameter of cortical shell

Cr.7h mim Mean thickness of cortical shell

A coil with high' slgralto-noise (SR for generating high resoclution images, such
as the birdcage NMicroMRI Wiist Cail; is recomménded for use with BoneVue™
post-processing software.

In addition to a sultable coil, MR imaging of bone migre-architecture requires use
of a pulse sequence capable of acquiring high-resolution images in tissue with
magnetic susceptibility effects. BoneVue™ tan process data from a variety. of
commercially available pulse sequences. Generally, two pulse seguences are
used, a first sequence for volumetric imaging of cortical boné arid a second
sequence for volumetric imaging of trabecular bone. The image data in DICOM
format from the cortical and trabecular scans (or, alternatively, the raw K-space
data from the trabecular scan) are transferred to the PC running BoneVue™ via
anetwork connection or.by reading data sels stored on a CD.

Typically, the cortical data are acquired with a $pin Echo pulse sequence and the
high resolUtion trabecular data are acquired with a Fagt Large Angle Spin Echo
{FLASE) pulse sequence. Please refer to your MRl system’s Operator's Manual
for inform ation how to-set up pulse sequences.

MicrolMRl BoneVue™ provides the user with two processing modes. In
Automatic Mode, the user selects the data sets to be processed and BonsVus™
then automatically processes the entire study, induding. both the cortical and
trebecular data series, and displays the results. The user can save and print.a
clinical report; and then select another study for processing.

Alternatively, in Manual QC Mode, the user interacts with BoneVue™ during the
processing. At four different stages, intermadiary results are displayed, which the
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user may accept or reject, or, inthe case of ROl boundaries, modify. The Manual
QC Mode is recommended for users who want to inspect-and have the cption to
modify the intermediary results of individual processing steps.

The MicroWMRI BoneWue™ software ficense permits instaflation on a single PC.
Installation by the user on more than one PC is strictly prohibited.

SOFTWARE OPERATION

Basic Operation

BoneVue ™ software interacts with the user in a way that is standard among
computer applications. The basic objects the user will see and interact with are
windows, buttons, tabs, and menus. Hence, the user input to the program will be
reduced mostly to mouse clicks on windows, buttons, and menu selections.

Buttcns work in a standard way throughout the product. You must click with the
left mouse button on the displayed button to invoke the associated action.
Buttons have a generic grey colorand are operated with the single click of the

left mouse button.

Please refer to the Document Conventions section above for-a description how
buttons, windows, clicks and menu optiohs are referenced in this Operator's

Mariual.

Software Installation and Setup

O L2 B s

Log on to Windows® as an administrator.
Close all open applications.

Insert the BoneVue™ CD-ROM in the CD drive.
Click 'Next" on the BoneVue™ installation screen shown below.
Follow the displayed instractions.

Welcome 1o the BoneVue Processing
Software Instaliation Wizard,

This sl iogtall Bonebius Brocesshog Softwae Tl on
ERIE Enipiiter

LS 7 Al pther app cationg
Belore continuing.

i Ne 53
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Setiing Facility Information

Duririg the installation process, you will be asked to enter identification
information about your MRI facility as shown on the screen below. This
information will be automatically incargorated into the. reports generated by
BongWue™.

Faclity dame: | North Shore Diaghostic Imaging Lava .

Agdress 1 133 Mal Street

Sldeensd L Quite 1040 E
T} Yorkinen e
Sate 1 OH
i A6

Télenhons T 767-555-9000
Faxiy 767-BE5-B00L
sirgl | rediclgyEnsdicom
Losga | oaforsdantasdl logo g

You may access and revise this information-at any time by clicking .on Tools <>
Settings on the.menu bar.

Transferring MRI Datasets

e

-

-

Before starting the BoneVus™ application, you should transfer the MRI cortical
and trabecular datasets to be processed to file folders accessible to the PC on
which BongVue™ is installed. By default, BoneVue™ expects the datasets to be
located inthe local drive in the following directories:

e WMRI_InputiCortical
e WMRI_InputiTrabeculary

Datasets can be transferred by CD or via @ network connection, if available. The
trabecular and coitical series are multi-sliice studies. When transferiing DICOM
image files, be sure tu transfer gll the DICOM image files to the BoneVue ™ input
file folder. Missing DICOM image files in the middie of'a multi-slice study will
cause BoneVYue ™ to abort the image processing.

in-general, thers will be & single study for a given patient on a _ given date.
However, if the study was repeated, for example, due to excess patient motion,
there may be mulliple studies for a particular patient on the same date. It is
important fo ensure that the trabecular and cortical datasets be acquired from the
same study, Attempting to process two series from different studies will cause
BorigWue™ to abort the image processing.
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Starting and Exiting BoneVue™

Before starting the application, check to make sure there is sufficient free space
available on the hard drive to accommuodate the data processing, One Gigabyle
of free space on the hard drive is sufficient for processing up to 2,000 studies, f
there is insufficient free space on the hard drive, the user must delete files no
longer needed until there is suffidient free space.

From the Windows® deskiop, click-on Start < All Programs —* MicroMRIl ¥
BoneVue, The application will be automatically launched inAutomatic Mode,

Upori complstion of & working session, BoneWue™ may be closed by clicking on
File =» Exit on'themenubar inthe BoneVue™ application.

Menu Bar

The menu bar provides access to several important functions:

Clicking on File opens a drop down menu that allows the user to open prevously
saved Reports, print orclose the current Report, or to exit from the application.

S T e

Clicking on View pops up a display of Quality Measures: for the last. study
processed -during the current session. The quality parameters are explained
further in the Results Screen section below.

File:

iy

y Tleasyrag

B s wladi
fag 3l w10
BME A o8 2L
astad G s
Sk 18 iy

Clicking on Tools opens a dropdown menu that provides access to several
useful capabilitigs.

Clicking on Settings allows the user (o change the facility information settings as
described in Software Installation and Setup above.
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in the Tools dropdown menu the ‘user can select either Automatic. Mode or
Manual QC Mode for processing the image data, as further described below.

in addition, the user can access the Master Log File and the Session Log File to
aid in froubleshocting, ifneeded.

b e Teadls 0 el

Setlies

w s Raods
Saiiel 130 e

gy priaitise $ioy
ey sesion by

Clicking on Help will display software version information and also allows the
user toview a PDF version of this Operator's Manual.

Automatic Mode

In Automatic Mode, the User selects a study for processing and clicks the “Start”
button, No further user interaction is required to complete the processing and
display the results.

While in Automatic Mode, the message “BoneVue Mode; Automatic.” is displayed
in the status barat the bottom of the screen.

When operating in the Automatic Mode, it is recommended that the user inspect
the quality of the images displayed on the Results Screen before saving and
printing @ Repaort.

The BoneWVue™ Processing display screen is organized into 4 seclions, as
further described below.

= Inputs

= Localizer

=« Processing

«  QOutput
Taniputs

The default folders, where the cortical and trabecular scan data are expecied to
b storied, are!

CAMMRI_Input\Carticalk
cWMRI_InputiTrabeculart

You 'may optionally change the input folders, either by typing the path in the text
box, or by clicking on the "Browse”™ buttons to select the folders containing the
scan data. The cortical and trabecular scan data must be from the same study
andfor the same patient.

After selecting the input .scan data, the table in the Processing area on the
display screen will be automatically populated with patient demographic data.
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If scan data are available for only trabecular or cortical, then delete the text
identifying the path for the unavailable scan data. In this case, only the available
scan data will be processed.

Localizer

The user has the option of displaving a localizer image by clicking the “Browse”
button below the localizer window and selecting one of the localizer images from
the current study. The user may scroll through and view other localizer images
acquired in the study by clicking the spinner buttori on the localizer image
window.

Maote that while BoneVue™ processing of trabecular and cortical data sets does
not require viewing the localizer image, it is highly recomrmended that the user
perform this step to check that the trabecular and cortical scans were acquired at
the proper anatomical locations.

Processing

The user should select the appropriate name from the Readers combo box inthe
Processing section. The selected Reader Name will be entered into the Reports
generated by BoneVue™.

The list of readers may be edited by clicking on the “Readers™ button; as shown
below. New names may be added, and existing names may be edited or deleted.
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Output

The user may oplionally select folders for storing the output files generated by
BongVue™. If no selection is made, by default the output folders will be the same
as the input folders:

To begin processing, the user clicks the “Start” button.

BomeVor Procising
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While processing in Automatic Mode, a progress bar is displayed on the right
side of the status bar at the bottom of the display screen. In addition, the Status
box inside the Processing group informs the user which part of the study (cortical
or trabecular) is.currently being processed.

Processing a data set that includes both cortical and trabecular scans takes
abaut 40 minutes on a PC with g 1.6 GHz CPU. The user may halt the
processing at any time by ¢licking the “Stop™ button.

After completion of processing, the Results screen is displayed, as explained in
the Results Screen section on page 271 below,

Manual QC Mode

While procssing in Automatic Maode will provide satisfactory results in most
cases, Manual QC Mode. gives the user the option to visually inspect, and to
accept, modify, or reject the automatically generated results at intermediary
processing stages. This mode is recommended for users who prefer to visually
inspect and exercise a greater degree of control over the post-processing.

To switch from Autornatic Mode to Manual QC Mode, dick on Tools =2 Manual
QC Mode on the menubar,

While in Manual QC Mode, the message “BoneVue Mode: Manual QT is
displayed in the status bar at the bottom of the screen.

Following the same steps as described in the Automatic Mode section, the user
should select input and output folders, set the Reader name, and display a
logalizer image.

After checking to ensure proper positioning on the localizer image, the user clicks
“Start”. The first step in the processing chain is cortical segmentation.

The progress of sach processing step is displayed in @ progress bar at the
bottom of the display screen. In addition, the overall Processing Status, including
the current progessing stage and which stages have already been completed, is
displayed, as shown in the example below:

Sl edmeniiim
b Corfonl Bouisdariee
Moo Correoonn

Tratenar RO asiiie

Cortical Ssgwmentation

in this first processing step, the first cortical image of the: multi-slice stack. of
cortical images is displayed. A white contour is displayed as an overlay on the
image. This is an exclusion contour, meaning that the cortical boundaries
subsequently calculated exclude any pixels inside an exclusion contour:
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Cortical Begmentation

el o
Mt Tk
Tt RO

The user may click on the “ROI” button to toggle onfoff the exclusions contour,
The user can control thie degree of image enlargement by selecting k1, xZ, or x4
magnification in the zoom box, When'the imags is magnified to a size larger than
the display size, vertical and horizontal scroll bars are automatically displayed to
enable the user to pan 1o the desired location on the image.

At any time, the user may change window and level seltings by adiusting the
scroll bars o the right of the image or by entering numerical values inta the text
boxes above the scroll bars.

The user may scroll through the stack of axial cortical images to view the
exclusion contour-on other images slices by clicking on the spihner button on the
upper left cormer of the displaved image.

The user should werify that the exclusion contour circumscribes the
frabecularimarrow reglon while remaining inside the true inner cortical boundary
and that its deviation from the true inner cortical boundary does not exceed 2 or 3
pixels,

If the user is satisfied with the exclusion gontour on all axial slices, he may click
Accept and the next processing step will be initiated,

The user may increase or decrease the size of the cortical boundary on a given
image by clicking "Add” or “Remove” button, respectively, in .the ROl Tools box.
The user can select an Ellipse or Box drawing shape and then left-click and
drag the mouse on the image to set the position and size of the shape. In the
Add mode, the ROLwill be adjusted to add the area of the ellipse or box to the
ofiginal RO, thus expanding its area. In the Remove mode, area cammon to the
otiginal RO and the sllipse or box will be removed from the original ROL, thus
shrinking its area. Clicking “Undo” undoes the last step.
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if the Polygon shape is selected, the process is similar except that the user
makes a series of left mouse clicks on the image to define the polygon-shaped
RO

Clicking the *Revert” button will cause the ROl to revert to its initial state.

Clicking. the “Default” button, will cause the ROI to revert to its initial state and
atso reset the window/level and zoom seltings to their inftial state.

Clicking the “Replicate” button will replace the ROl with the ROI from the
previous slice in the cortical stack.

Clicking the “Accept® buffon confirms that the cortical segmentation is
acceptable as displayed. BoneVue™ continues on to the next processing step.

Clicking the “Cancel” button returns the user to the BoneVue™ Processing
display screen where he may reprocess the current study from the start.

Clicking. the "Reject™ button aborts the current processing {e.g. cortical) but will
continug to process the other portion of the study (e.g. trabecular) if that data set
is available.

In the before and after example below, the Polygon RO tool has been used on
the left image to enlarge the initial excusion ROI {incorrectly clustered in the
center) to just inside the cortical boundary as shown on the right image.

Cortieal Boundaries

in the second intermediary processing step, the first corical slice in the: muiti-
slice cortical ‘study is displayed with bwo ROls marking the inner and ocuter
cotfical boundaries.

if there are outlier points for displayed for either the inner or outer cortical
boundaries, the user may exciude these by clicking the “Add’” button and drawing
an RO using the ROI Tools to circumscribe the outlier points. This process may
be performed repeatedly until all oullier points' have been circumscribed for
subsequent exclusion.
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in the example below. a group: of green points that are oufliers on the external
cortical boundary are circumscribed in an exclusion ROJ by clicking the “Add”
button-and using the Polygon drawing tool. As shown on the right, these points
are automatically removed from the cortical boundary (vellow arrowl

in & second example below, there were three clusters of autlier points that were
excluded from consideration as cortical boundary points by circumscribing them
in three 'separate exclusion ROI contours.

B Vieh s R b
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Upon completing this step, the ‘user clicks either the “Accept”, “Reject”, or
*TCancel” button. The actions taken are the sanme as described above in the
previous processing stage.

This step completes the user interaction with processing of the cortical scan data.

Motion Correction

The third processing step petrforms motion.correction on the trabecular data.
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Despite immobilization: of the patient’s limb during the scan, patient movement
can-nat be eliminated completely. The high resolution MRI scan is sensitive to
small amourts of patient motion. VWhen enabled, the extent of maotion is
measured and its effects are mitigated in this processing step.

Upon completion of this processing step, ‘a trabecular image from the mid-point
of the image stack is displayed before and after motion correction. This
comparison. allows the user to visually judge the presence of motion in the
otiginal image and the extent of its mitigation by the motion correction algorithm.

in addition; a graph is displayed which tracks the amount of mction that ococumed
during the scan in the horizontal and vertical (x and y) directions.

Finally, a table is displaved that displays the maximum and RMS (oot mean
square) movement in the x.and v directions, along with-the acceptable range for
each of these parameters. A parameter excesding its acceplable range is
highlighted and the user should carefully judge the image quality of the motion
corrected imagss before deciding whether to accept or reject the study. The
other trabecular slices in the study may be displayed by clicking on the spinner
button.

Windowflevel and panfzoom controls are provided and function in the same
manner as previously described.

Upon completing this step, the user-dicks the “Accept”, "Reject’, or “Cancel”
button. The actions taken are the same as previcusly described.

ek Mation Correction
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An example of & clean image without motion artifact is shown below .on the left.
Nete the sharp dark lines representing the trabescular bone {(white arrow). In
comparison, an image with ‘excessive motion artifact, which should be rejected
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from further analysis, is shown below. Note the absence of clear frabecular
structure {red arrow).

Trabecular ROI Masking

The fourth .and final processing step: calculates and displays a boundary around
thie trabecularfmarrow. space. The slice from the mid-point of the image stack is
inftially displayed. Theuser may view other slices by clicking the spinner button.

The user may toggle onand off the botndary by dlicking the “RQI* button.

Trabscular ROIMasking
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Window leveltwidth and pan/zaom controls are provided and functionin the-'same
manner as previously described.

The user may view other slices in the image stack by clicking on-the spinner
button,

The user may view and modify the ROl boundary on individual slices by using
the ROI Tools as previously described.

LUpon complefing this step, the user olicks the "Accept”, “Reject’, or "Cancel”
button. The actions taken are the same as previously described.
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If the user clicks "Accept’, the processing will continue, When the processing is
completed, the Results Screen will be displayed.

Besults Screen

Upon completion of processing in-either the Automatic Mode or the Manual QC
Mode, the Results Screen is displayed, as shown below:

T

v B L R

Ori'the left side of the screen, patient and study information are displayed along
with & table presenting the corfical and trabecular bone measurement results.
The table inciudes the following measurements:

Hame Units | Deascription

BWTY % Ratio of bone wolurme o total wolume (BYE)

T Th um Mean trabecular thickness

Th.Sp um Mear separation bebween Frabecular glates
TeN Yo | Mean linear density {pitch) oftrabecular plates
CrGD min Mear suter diameter of Sorlical shiell

Crip mm Meary inner diameler of cortical shell

Cr.Th N Mean thickness of cortical shell

The 3D visualization, further described below, is a representative sample from
the trabecular volume, However, the bone parameters in the table above are
caleulated based on the entire imaged volume of cortical and trabecular bone
that'is contained inside the respective caortical and trabecular ROI boundaries,
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On the right side of the screen fowr images are displayed in clockwise order
starting inthe upper left. corner:

1.

A localizer image, if one was. selected before processing began. [f no
localizer was selected, a “Browse” bulton is displayed and the user may
select: a localizer image for display. Other localizer images may be
selected for display by clicking the spinner button,

A surface rendered projection of a 3D wvisualization of a
representative sample of the trabecular bone. The projection image may
be tilted and/or rotated by adjusting the sliders on the jeft side of the
screen or by typing different numeric values into the adjacent text boxes.
The numeric values correspond to angular degrees of tilt and rotation.

A trabescular slice. Different trabecular slices may be selected by
clicking on the spinner control, The slice number is displayed to the left
of the spinner control,

A cortical slice. Different cortical slices may be selacted by clicking on
the spinner control. The slice number is displayed to.the left: of the
spinner cantrol.

individugl images may be selected by left-clicking the mouse. When an image is
selected it will be surrounded by a red frame. The window leveliwidth and
panfzoom controls are aclive only for the selected image.

Upori selecting the trabecular or cortical image, the trabecular/marraw. or cortical
boundaries may be togaled on and off by clicking the “ROI button. When the
ROl is displayed, the voxel values inside the RO/ on the trabecular image display
a gray scale that corresponds with the calculated values of bone volume fraction
(BWF), which is defined as the ratio of bone volume to total volume. These values
range from zerc to 100%.

The user may check the results of motion correction and signal-to-noise (SNR) in
the trabecular series by dlicking View » Quality Measures on the menu bar,

FHaly

e BleasurEy

Purameter

fos

&Y
RME R
RM5:8Y 4 PR

BHE LR

Clicking on the “Default” button will retum the window leveliwidth and panfzoomn
seftings and the rotate and tilt seltings for the 3D view to thelr initial values.,

When satisfied with the results of the BoneVue™ processing, the user may save
and print & report by clicking "Report’.
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Report Generator

Clicking "Report’ saves the report and displays a preview of the final report and
a diglog box with print controls: In the diglog box, the user may select any
available printer and the number of copies to print.

Clicking “OK” in the dialog box will cause the report to be printed. Clicking
“Cancel” will close the report screen without saving or printing the report.

A message on the status bar notifies the user that report has been saved,

fia

The reportincludes the following information;

Fadlity identification information

Patient and exam information

An axial image of the trabecular bone

A 3D visualization of arepresentative sample of the trabecularvolume
Table of measurement results of trabecular and cortical bone

Name of person preparing/signing the report

Report date

Reports are saved as PDF files using a standardized convention far file haming
to facilitate future retrieval, if needed:

YYYYMMDD LastName FirstName pdf

f o S

Bong¥od Hepodt

Sy

o sdenies L8

i G i Sl

Fn Rssiteisn

[omeeinn roy
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YYYYMMDD is the exam date expressed as year, month, day; and LastName
and FirstName are the patient’'s family and first names.

ifthe user attempts to close the Results or Report screen without first saving the
report, the following warning message will pop up:

?"j Mo report has beso saved, Cick
* Report to save and print repaort:

The user may print and save the report or confirm: hisfher intentions to not
print/save the report by clicking “Close”.

if @ user has processed a study that was previously processed saved, the
following warning message will pop up upan ¢licking the “Report” button:

* ': Aoreport has prsviously been saved,
X Do you wish to override i1?

Yes E E Caricel |

Clicking “Yes™ will cause the prevously saved report to be overwritten. Clicking
“Cancel” will retain the previously saved report.

Key User Alerts

BoneVue™ alerts the user of processing exceptions and conditions that require
user decisions. Some of the key user alerts are described in this section.

Processing Exception

Processing - exceptions can occur ‘when processing in Automatic Mode, for
sxample, when there is-excess patient motion; or if a cortical or trabecular
boundary cannot be reliably determined by the software. In-such cases a dialog
box pops up that:

« Informsthe user that a processing exception has been detected
= Identifies the processing exception
* Advises the user regarding what corrective action to take

For example, if excess patient motion is detected. a message will be displayed
similarto the example below.
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In this case, the user is advised to either print/save a partial report that would
contain: only cortical measurements, or to atterapt re-processing in Manual QC
Mode. In this mode, the user may visually inspect the quality of the motion
correction. and decide whether or not to process the trabecular data, or if it is
necessary to repeat the MRl acquisition.

BuosVos Resulls

R
AR
£

RGP
i

T X T Rl Eracaning SR puRee
BX

iy 2B Soeed 0 MR ees B SEVL 8
i hgeel e duitiion

If the user decides to switch to. Marual QC Mode and reprocess, the start
processing screen will be displayed with a message to remind the user that an
exception has ocourred. In this example, the processing status display indicates
that the cortical series was processed, but a problem occurred inthe trabecular
processing (red highlight),
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HaneVue Procassing

ot SRR dapaioie

Vit SO TR
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Low BNR

An alert is automatically displayed if the SNR (signal-t¢-noise ratio) .in the
trabecular or cortical series is below the recommended level. A low SNR can
adwersely impact the aceouracy of bone measurements.

indeterminate Covtical Boundary

if there is inadequate contrast in the MR images, BoneVue -may not be able to
automatically determine the inner or outer corfical boundary. In this case the user
shouild switch to Manual QC Mode and visually inspect and set the RO on each
slice:

Indeterminate Trabecular Boundary

if there is inadequate contrast in'the MR images, BoneVue may not be ableto
automatically determine the trabecular/marrow boundary in the trabecular image
seres. In this case the user should switch to Manual QC Mode and visually
inspect and setthe ROI on each slice.

Beprocessing Sean Data

BoneVue™ permiis the userto re-process data that has already been processed.
The user will be alerted if the re-pracessing will modify the ‘final results and the
user may choose whether to proceed or cancel the re-processing.
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APPENDIX

Uninstall

The BoneVue " software can be uninstalled by using the Windows Add/Remove
dialog inthe Control Panel:

1. Select Control Pans|

2. Click AddRemaove Programs

3. Select MicroMR] BoneVue™

4. Click “Remove”. Select “Yes” to uninstall BoneVue ™ software.
Troubleshooting

BoneVue™ employs extensive logging capabilities that ald in troubleshaoting
potential problems with the software,

You can view log files by dicking Tools = Master Log. You can also send the
log file as email attachments to your MicroMR] Application Specialist. To export
the log file:

¢ Goto your BoneWVue ™ Installation Directory (by default, thisis at
CfProgram Files/MicroMRL
*  Copyarsendthe file “MasterLog.txt™ to your Application Specialist.

Support Resources

MicroMRI offers technical support for help in installing, configuring, or
troubleshooting MicroMR! software. For prompt response, contact MicroMR1 at:

Service and Support offices
North Amierica

MicroMRI

580 Middietown Blwd
Suite D-150
Langhome, PA 18047
287-212-1100
ifo@m .
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ATTACHMENT 3

Predicate Device Promotional Literature
Barco’s Voxar 3D

Voyar 30M™

Confidential and Proprietary Page 77 of 214
FOI - Page 101 of 255



510 K
BoneVue Software v1

December 11, 2008

s s i
i 5 i
- 5
E . e
@ o
i
5 .
e W

Vansd B0M foyaur solution

gy - TR o

e B e

L i

Wl SR o ppaliations

Confidential and Proprietary Page 78 of 214
FOI - Page 102 of 255



510 K
BoneVue Software v1

December 11, 2008

i

.

-

-
-

-

.
.
-

-

.

-
-
-

-
.

-

-

-

-

-
-
-
-
-
-

-

o

-

-

-
-

-

.

ikl 5% sdwuiied By
X LR L MR e
FE s BEEREL F -

Al el i

Confidential and Proprietary
FOI - Page 103 of 255

Page 79 of 214



510 K
BoneVue Software v1

December 11, 2008

bl
o

L
e e (R
heeE B i e v WO
T s s
A0E e g sty B
.. .
BN R b Bl e
W e W sy slens
.

s
Bilthe . LRl g

L e
o e L e
..
M e e
e Rali
Tt e s s
e atn el driie g

BEed s e

o chnnalon e b
mulivande modslian

Yua o euh abne el )
el b i e
Wi suliinine Mot 8
Hinii i

Confidential and Proprietary Page 80 of 214
FOI - Page 104 of 255



510K

BoneVue Software v1

December 11, 2008

neddek e b
o

. By el
s mmisﬁ% i gmiﬁs@ 1
L
ol el b b Va0
.. _ . _
.

e o
e e

el e

-
E o mEWMmM%?%% -
ide - Wi idniie B0 e
BLawmimin o b

el o in e
e o

e
. . .
e L o e
L e
el i U Ll Ll e
il a0
e
e 0 s e
Wiy & LGl e D
daet

Confidential and Proprietary
FOI - Page 105 of 255

Page 81 of 214



510 K
BoneVue Software v1

December 11, 2008

Multiplanar reformats
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3D reconstruction
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Clinical applications
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TeraRecon’s Aquarius Workstation

Diszover the Powet of Real-Bme Imaging with

TeraRecon's Patented Image Processing Techinology
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Designed For Modern Multi-Slice
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Diagnostic Radiology
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An Integrated Suite of Clinical Tools for
Segmentation, Visualization, and Analysis

7

Clincal Analysis Tools
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1. Introduction

1.1. Definitions/Acronyms/Abbreviations
Detectability - If, when and how would the occurrence of the failure be detected?

Hazard - The inherent characteristic of a material, condition, or activity that has the potential
to cause harm to people, property, or the environment.

Hazard Analysis - The identification of material properties, system elements or events that
lead to harm or loss. The term hazard analysis may also include evaluation of consequences
from an event or incident.

Major Hazard - The operation of the device directly affects the patient and/or operator so
that failures or latent flaws could result in death or serious injury to the patient and/or
operator, or if it indirectly affects the patient and/or operator (e.g., through the action of care
provider) such that incorrect or delayed information could result in death or serious injury of
the patient and/or operator.

Minor Hazard - The operation of the device causes failures or latent design flaws which are
not expected to result in any injury to the patient and/or operator.

Moderate Hazard - The operation of the device directly affects the patient and/or operator
so that failures or latent design flaws could result in non-serious injury to the patient and/or
operator, or if it indirectly affects the patient and/or operator (e.g., through the action of a
care provider) where incorrect or delayed information could result in non-serious injury of
the patient and/or operator.

Potential Hazard Index (PHI) - A relative scale that allows comparison between events
with regard to their likeliness of occurring, consequence, and detectability.

Probability- How likely is the hazard event going to occur?

Risk- The combination of the likelihood and the consequence of a specified hazard being
realized. It is a measure of harm or loss associated with an activity.

Risk Analysis - The study of risk in order to understand and quantify risk so it can be
managed.

Risk Level - An estimate of the severity of the injury that a device could permit or inflict
(directly or indirectly) on a patient or operator as a result of latent failures, design flaws, or
using the medical device.

Severity - What are the consequences of the failure?

THIS CONFIDENTIAL DOCUMENT IS PROPRIETARY OF MICROMRI. ANY REVIEW, DISSEMINATION, DISTRIBUTION, OR
COPYING OF THIS DOCUMENT OR PARTS THEREOF WITHOUT THE PRIOR WRITTEN APPROVAL OF THE COMPANY IS
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1.2. References

1. BoneVue, System Requirements Specification
2. Bone Processing Software (BPS), Software Requirements Specification

3. OP-008, SOP on Signature Meanings of Regulatory Documents

1.3. Purpose

The purpose of this document is to perform hazard analysis on the BoneVue system, Version
1.0.

1.4. Scope

The scope of this document extends to BoneVue v1.0 and all its components, including Bone
Processing Software v1.0. It addresses the system’s configuration and deployment as defined

in[1-2].
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2. Key to columns in Hazard Analysis Table

Failure:
Insert in this column a description of the failure that may occur.

Cause of Failure:
Insert in this column the reasons that the failure may occur.

Hazard Event:
Give one or more of the failures an overall description for the hazard event.

P (Probability):

Insert the number into the column, which corresponds to the probability of the failure occurring:
5 = Frequent (Greater than 10%).

4 = Moderate (Between 1 and 10%).

3 = Occasional (Between 0.1 and 1%).

2 = Unlikely (Between 0.01 and 0.1%).

1 = Remote (Between 0.001 and 0.01%).

0.1 = Virtually Impossible (Less than 0.001%).

S (Severity):

Insert the number into the column, which corresponds to the severity as a result of the failure:
4 = Major injury to patient or user, or regulatory compliance compromised.

3 = Potential long-term effects, or unsubstantiated or undelivered claims.

2 = Minor physical harm to patient or user.

1 = Procedural interruptions or inconveniences, or inconvenience to users

D (Detectability)

Insert the number into the column, which corresponds to how detectable the failure will be:
4 = Not detectable.

3 = Fault will be detected only after user involvement.

2 = Likely to be detected during normal operations.

1 = Likely to be detected in prototype stage through normal validation testing.

PHI (Potential Hazard Index)
Multiply P * S * D and insert the value into this column.

Control Measure:
Insert in this column a description of how the failure will be mitigated.

Outcome:
Insert in this column a description of what will occur as a result of the failure.
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E (Mitigation Effectiveness)
Insert the number into the column, which corresponds to how effective the control measure will
be in mitigating the outcome of the failure:
0 = Fully effective, the mitigation is implemented and validated at the design stage.
0.2 = Mitigation relies on online alerts and messages.
0.3 = Mitigation relies on labeling claims, instructions, and user training.
0.5 = Mitigation relies on the quality system maintenance.
1 = No effective mitigation can be assured.

RHI (Residual Hazard Index)
Multiply PHI * E and insert the value into this column.

RHI > 18: Not acceptable

RHI > 12: Alternate designs/process strongly recommended
RHI > 8: Perpetual monitoring through GMP controls required
RHI > 2: Monitoring through complaint files required

RHI < 2: Acceptable

Risk Level:

Insert in this column the risk level according to the definitions listed below:
Minor: RHI value of 0-2

Moderate: RHI value of 2.1-18

Major: RHI value of 18-100

THIS CONFIDENTIAL DOCUMENT IS PROPRIETARY OF MICROMRI. ANY REVIEW, DISSEMINATION, DISTRIBUTION, OR
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1. Introduction

1.1.O0verview

BoneVue 1s a workflow tool intended to assist a trained physician in the assessment of high-
resolution MR datasets of bone, facilitating 3D visualization of bone micro-architecture and the
measurement of descriptive parameters of cortical and trabecular bone morphology. While
BoneVue can process data from a variety of commercially available pulse sequences, it will
typically be used to process datasets acquired with two pulse sequences: one for volumetric
imaging of cortical bone and another for volumetric imaging of trabecular bone. BoneVue will
allow the user to load the image data (DICOM® format [2]) from the cortical scan and the raw
(k-space) data (or image data in DICOM format) from the trabecular scan, and will process it
using its core subsystem, the Bone Processing Software (BPS) application. In addition to
visualizing the bone, Bonelue will produce a report that includes the measured parameters and
representative images. This report may be printed or stored for later review.

A schematic diagram of the system’s architecture is given in Error! Reference source not
found.; the BoneVue typical data and processing flow, including a high-level breakdown of the
BPS pipeline, is illustrated in Figure 4. BoneVue can operate in either fully automated or manual
mode, the latter allowing the user to interactively adjust parameters that affect the processing
flow.

® DICOM is the registered trademark of the National Electrical Manufacturers Association for its standards
publications relating to digital communications of medical information.
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Figure 3: Architecture of the BoneVue System
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1.2. Purpose

The present document lists the system and software requirements for the Bonelue v1.0 product,
which reflect the expected use cases of the system (see the Appendix).

1.3.Scope

The present document captures the system-level and user application requirements for the
BoneVue system, including the user application’s interface to BPS. The detailed requirements of
BPS itself are given in a dedicated document [1]. The requirements for deploying and operating
BoneVue will be provided in the user manual and associated documentation.

2. Definitions, Acronyms, Notations

2.1. Acronyms

BPS— Bone Processing Software

CBP— Cortical Bone Processing

DICOM— Digital Imaging and Communications in Medicine
FLASE— Fast 3D Large-angle Spin-echo Imaging
GUI — Graphical User Interface

MR— Magnetic Resonance

QC — Quality Control

ROI— Region of Interest

SRS—Software Requirements Specifications
TBP— Trabecular Bone Processing

2D/3D— Two/Three Dimensional

2.2.Definitions

Bone Processing: Either trabecular bone processing or cortical bone processing applied by BPS
to MR data.

Fully Automated Processing Mode: Following input selection BoneVue processes the data
automatically until completion.

Manual QC Processing Mode: BoneVue requests the user to view/edit the results of the QC
steps before processing is resumed.

QC steps: Bone processing steps that have intermediary results, which may be displayed to the
user for editing, review or approval.
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Processed Series: A series that has been either partially or fully processed

Partially Processed Series: When the applied bone processing was interrupted and, as a
consequence, only a part of the results is available.

Bone Processed Series: When bone processing has been completed on a series at least once.

NOTE: The requirements below refer to an unprocessed MR series unless otherwise
indicated by using the terms processed or partially processed series.

2.3.Nomenclature

Shall: indicates requirements strictly to be followed and in which no deviation is permitted.
Equivalent expressions include is to, is required to, has to, it is necessary. (Must is not used
as an alternative to shall).

Shall not: converse of shall.

Should: indicates that among several possibilities one is the recommended as particularly
suitable, without mentioning or excluding others.

Should not: converse of should.

May: indicates a course of action that is permissible. Equivalent expressions include: is
permitted, is allowed.

Need not: indicates that a course of action is not required.

Can: indicates statement of possibility and capability, whether material, physical or causal.
Equivalent expressions include: be able to, it is possible to.

Cannot: converse of can.

2.4.Ranking

Each requirement will be ranked according to the following table. This scale may be
used in prioritizing design and implementation efforts, assessing validation results,
and deciding on release strategies.

Description of rank

1 This is an essential feature of this application.

2 This is a moderate feature of this application. This feature is desirable but not
critical.

3 This is a minor feature of this application. This feature is beneficial but incidental.

3. References

1. “Bone Processing Software Rev 1.0 Software Requirement Specification”, rev.
1.1.
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2. Digital Imaging and Communications in Medicine (DICOM), ACR-NEMA PS
3-2008, ftp://medical.nema.org/medical/dicom/2008/.
3. SOP OP-008, Management Role and Delegation of Responsibilities

4. User Application Features
Each of the following subsections refers to a set of application features that are grouped together
as they pertain to a certain key functionality of the system.

4.1.File Management
_Req Index [Req No | Rank |Descripfion

1. RGUI-1 1 |0
2, RGUI-2 1

3. RGUI-3 1

4. RGUI-4 1

5. RGUI-5 1

6. RGUI-6 2

7. RGUI-7 2

8. RGUI-8 3

9. RGUI-9 1

7

Reported Series Information
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a. Patient Name Name
b. Patient ID Alphanumeric
C. Date of Birth (DOB) DD-MM-YYYY 18-Feb-1958
d. Age Years
e. Gender M/F Male/Female
f. Wrist R/L Right/Left
g. Date of Exam DD-MM-YYYY 19-Mar-2008
h. Time of Exam HH:MM AM/PM 11:35 AM
1. Requesting MD Name

Table 1: Series information to be extracted from the dataset header and displayed/reported
by the application.

4.2.Bone Processing

1. Process Control
10. RGUI-10 ] (b))
11. RGUI-11 1
12. RFUN-1 1
13. RGUI-12 1
14. RGUI-13 1
15. RGUI-14 1
16. RFUN-2 2
17. RFUN-3 1
2 Processing Alerts
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18. RGUI-15 AR
19. RGUI-16 1

20. RGUI-17 1

21. RGUI-18 1

22. RGUI-19 1

23. RGUI-20 1

24. RGUI-21 1

3. Reprocessing

25. RFUN-4 1 (b)(4)
26. RFUN-5 1

? The requirement applies only to input in raw file format, as data in DICOM format will not undergo motion
detection.

* The requirement allows, for example, the integrative reporting of pre-existing trabecular results along with new
cortical results.
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27. RFUN-6 1O
28. RGUI-22 1
29. RFUN-7 1
30. RFUN-8 1

4.3.Manual QC of Bone Processing

The following requirements apply to the Manual QC mode of operation.

4. General Requirements
RGUI23 (i)
32. RGUI-24 1
33. RGUI-25 1
34. RFUN-9 1
35. RFUN-10 1
36. RGUI-26 1
37. RGUI-27 1
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38. RFUN-11 1 (b)(4)

5. Preprocessing and SNR QC

39.

40.

6.

RGUI 28

RGUI-29

(b))

1

Trabecular Bone Processing

il RGUI-30 1 |0
42. RGUI-31 1
43. RGUI-32 1
44. RGUI-33 1
e Cortical Bone Processing
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45. RGUI-34 1 |0

46. RGUI-35 1

4.4.Image and Result Viewers

The application shall provide image visualization areas to display relevant image information
(2D/3D), as well as to obtain various user inputs.

8. General Requirements
RGUI-36 1 (b)(4)
48. RGUI-37 2
49, RGUI-38 2
50. RGUI-39 1
51, RGUI-40 1
52. RGUI-41 1
9. ROI Selection Tool
53 RGUIL42 1 |B)4)
54, RGUI-43 1
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55, RGUI-44 g R4
56. RGUI-45 1
57. RGUI-46 1
58. RGUI-47 1
59. RGUI-48 1
60. RGUI-49 1
61. RGUI-50 1
62. RGUI-51 1
63. RGUI-52 2
64. RGUI-53 2
10. Results Viewer
65. RGUI-54 1 |0
66. RGUI-55 1
67. RGUI-56 1
68. RGUI-57 1
69. RGUI-58 1
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70. RGUI-59 2 |(B)4)
71. RGUI-60 2
72. RGUI-61 1
73. RGUI-62 2
74. RGUI-63 1
75. RGUI-64 1
76. RGUI-65 2
4.5.Report Generator
11. Report Operations and Format
Bodinder  BegNG | Besk Dewieion. ... .
77. RFUN-12 1 |P®)
78. RFUN-13 1
79. RFUN-14 1
80. RFUN-15 1
81. RGUI-66 2
82. RGUI-67 1
83. RFUN-16 1
84. RFUN-17 2
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85. RFUN-18 1 |0
86. RGUI-68 1
12. Report Contents
87 RFUN 19 1 (b)(4)
88. RFUN-20 1
89. RGUI-69 1
90. RFUN-21 1
91. RFUN-22 1
92. RFUN-23 1
93. RFUN-24 1
94, RFUN-25 1
4.6.System Services
13. System Configuration
_ Description i
RGUI-70 L
96. RGUI-71 1
97. RGUI-72 1
98. RGUI-73 3
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99. RGUI-74 1 (b)(4)
14. System Information (About pop-up)
100 RGUL-75 b))
101. RGUI-76 1
102. RGUI-77 1
103. RGUI-78 3
15. Audit Trail
104 RFUN-26 2 (©)
105. RFUN-27 2
106. RGUI-79 2
16. User Support

107 RGUI 80 1

(b))
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5. Nonfunctional Requirements
S5.1.Hardware Requirements
Index
108. RHW-1. s
109. RHW-2. 2

110. RHW-3. 3

5.2.0perating System Requirements

Req. |Req. No | Rank | Description
Index

111.  ROS-I

5.3.Performance Requirements

Req. Req. No | Rank | Description
Index

112.  RPER-1

5.4.Application Installation Requirements
Req. Req. No | Rank | Description
Index
113. RINS-1 (®)4)

114. RINS-2 1
115,  RINS-3 1

116. RINS-4 1

> The exact OS version is TBD based on the typical configuration offered with new computers at the time of the
application’s validation
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117.

118.

119.

120.
121.

122.

RINS-5

RINS-6

RINS-7

RINS-8
RINS-9

RINS-10

B D e T

1.

Table 2: Facility information to be configured by the user during installation.
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Facility Name
Facility Street Address May be divided into two fields
City
State
Zip Code
Telephone Number
Fax Number

Email Address

Logo A path to an image file
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6. Appendix — Use Cases

6.1.Introduction

This appendix captures the foreseen, chief use cases for the BoneVue application, as it
will be utilized in a clinical setting. While the use cases were used to drive the
BoneVue system requirements, which are presented in the main document, they
are not in themselves requirements, but rather general term guidelines to the
structuring of the application, provided in a flow-oriented format. It is therefore
expected that the fine details of the use cases may change during the system’s
design, though in concept they remain valid. The ultimate usage of the application
will be captured in the BoneVue User Manual.

The use cases given here include the system-level interactions between the User
and the BoneVue User Application (referred to simply as BoneVue in the use cases),
as well as the internal communication between the application and its underlying
components, primarily, the Bone Processing Software (BPS). The details of the
processing flow within BPS are outside the scope of this document aside from the
flow’s impact on the manual QC procedures. Note also that use cases for the
technical user relating to system configuration and maintenance were not developed
at this time.

6.2.Use Cases
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UC-4 Input Handling

4.1
4.1.1
4.2
421
4.3

43.1
432
433
434
435
43.6

4.4

441

442

4.5
451
4.6
4.6.1
4.7

471

Prerequisites

A dataset is available on one of the file system’s drives.
Trigger

The user wishes to load a dataset for processing.
Main flow (success-oriented)

The user opens an input selection screen.

BoneVue opens a file browser.

The user browses through the file system to the input dataset’s location.
The user selects the input dataset.

BoneVue displays and stores the path to the input dataset.

BoneVue displays key information, such as patient name/ID, age, scan date/time, and
referring physician, which is extracted from the dataset’s header.

Comments

The user may copy the dataset from an optical drive, received from the scanner, to any
folder on the local system.

The selection GUI will allow folder selection for cortical bone processing input and file
or folder selection for trabecular bone processing input.

Success conditions

The requested dataset is available for processing.
Failure conditions®

None
Alternative flows

None

¢ Structural failures, such as a optical media corruption, are ignored throughout this document.
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UC-5 User-Initiated Automatic Processing

5.1

5.1.1
512

5.2
521
5.3

531
532
533

534
53.5
53.6
5.3.7
538

5.4

541

542

5.5

551
552

5.6

5.6.1

Prerequisites

A dataset is available in the local file system.

The system is not set to Manual OC mode (i.e., without user interaction).

Trigger

The user wishes to process a dataset.

Main flow (success-oriented)

The user selects the series (single or pair) for which processing is needed (see UC-1).
BoneVue passes the dataset’s path to BPS.

BoneVue launches a progress bar (or similar mechanism) to indicate which dataset is
being processed and the status of processing.

BPS generates the required outputs.

BPS generates a processing successfully completed event.

BoneVue marks the dataset as processed.

BoneVue indicates to the user that the dataset was successfully processed.

BoneVue launches the results viewer.

Comments

Currently available processing flows include Trabecular Bone Processing (TBP) and
Cortical Bone Processing (CBP), each requiring dedicated data acquisition.

In the typical case where a study includes both a TBP and CBP series, BoneVue will
display in step 2.3.8 the results of both flows in a combined view, so as to facilitate an
integrated report.

Success conditions

The required results are stored.

The dataset is labeled as processed.

Failure conditions

The user selects two series, each pertaining to a different study (step 2.3.1)
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56.1.1 BoneVue alerts the user to the mismatch and suggests processing each series
separately.

5.6.1.2  BoneVue terminates the flow.
562 The user selects an input folder with more than one valid series (step 2.3.1)

5621 BoneVue alerts the user to the multiplicity and suggests copying the dataset to a
new location.

5622 BoneVue terminates the flow.

563 BPS is unable to process the dataset, for example, due to an unsupported file format or
type, or excessive motion (step 2.3.4)

563.1 BPS generates a failure event for the relevant processing step.
5.6.32  BoneVue indicates processing failure in the processing progress view.
5633  BoneVue marks the dataset as processing failed and logs the reason for failure.

5.6.3.4  If the other series (TBP/CBP) can be successfully processed, BPS will do so. On
step 2.3.8, BoneVue will utilize the available results.

564 The user aborts processing (step 2.3.4).

564.1 BoneVue marks the dataset as partial processing and logs the reason for failure.

5.7 Alternative flows
571 Both series selected by the user had already been processed in the automated mode
(step 2.3.1)
5711 BoneVue displays the results viewer.

572 One of two series selected by the user had already been processed in the automated
mode (step 2.3.1)

5721 BoneVue passes to BPS only the dataset ID for the not-yet-processed series.
5722  The procedure follows the main flow given above from step 2.3 3.

5723 If a combined display is required on step 2.3.8, BoneVue will utilize the pre-
existing results for the relevant processing flow.

573 Restart processing - the user selects a series, which is marked partial processing (step
23.1)

5.73.1 The procedure follows the main flow.

5732  On step 2.3.8, BPS will utilize all available outputs and resume processing from
the relevant stage.

574 A series selected by the user had already been processed in the manual QC mode (step
2.3.1)
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5741 BoneVue alerts the user that all the output files for this exam will be deleted,
including the final report.

5.7.42  If the user approves, BoneVue requests BPS to clear the output folder of all files
and deletes the report file.

5743  BoneVue performs the main flow.
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5.8 Use case diagram

The user selects
study/series to

process

Serigs already Yes

\4

processed?

No

BoneVue passes datasets
1Ds 1o BPS

Yes No (CBP)

TBP series?

A\ 4 v

BPS applies TBP as
needed needed
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' '

BPS generates TBP.
outputs in. DICOM format
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A 4
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No

Last series?
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series

results CBP restlts

BoneVue displays TBP/

Figure 5: User-initiated automatic processing of a single study. The diagram covers the main flow
as well as the alternative flows pertaining to previously processed data (in the current mode) and

single series processing.
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UC-6 User-Initiated Manual Processing

6.1

6.1.1
6.1.2

6.2

6.2.1

6.3

6.3.1
6.3.2
6.3.3

6.3.4
6.3.5

6.3.6
6.3.7
6.3.8
6.3.9
6.3.10

6.3.11
6.3.12
6.3.13
6.3.14
6.3.15
6.3.16
6.3.17

Prerequisites

A dataset is available in the local file system.

The system is set to OC mode.

Trigger
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