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OVERVIEWOVERVIEW

•• Impor tant preImpor tant pre--survey eventssurvey events

•• ManufacturerManufacturer ’’ s tests and equipments tests and equipment

•• Per forming the surveyPer forming the survey

•• Summary of impor tant points and what really Summary of impor tant points and what really 

mattersmatters



Impor tant PreImportant Pre--Survey EventsSurvey Events

•• Obtain proper  training &  CE credits (8 hours)Obtain proper  training &  CE credits (8 hours)

–– HandsHands--on training on actual unit:on training on actual unit:

•• MechanicsMechanics

•• SoftwareSoftware

•• ArtifactsAr tifacts

•• Learn vendor  specific tests and tr icks Learn vendor  specific tests and tr icks 



Impor tant PreImportant Pre--Survey EventsSurvey Events

•• ACR Accreditation ACR Accreditation -- www.acr .orgwww.acr .org

–– Download Specific PhysicistDownload Specific Physicist ’’ s Evaluation Test Summary s Evaluation Test Summary 

Forms for  FFDM System being evaluatedForms for  FFDM System being evaluated

-- Download Updated  Equipment Evaluation Form that is Download Updated  Equipment Evaluation Form that is 

current for  both digital and film/screen systemscurrent for  both digital and film/screen systems



Impor tant PreImportant Pre--Survey EventsSurvey Events

•• ACR AccreditationACR Accreditation

–– Before clinical useBefore clinical use

•• Medical Physicist equipment evaluation and indicate it passesMedical Physicist equipment evaluation and indicate it passes

•• New unit applicationNew unit application

–– Not required to wait for  ACR response Not required to wait for  ACR response 

•• However , no reimbursement without FDA receiving ACR app.However , no reimbursement without FDA receiving ACR app.

•• Approximately 3 days for  accreditation approval from ACRApproximately 3 days for  accreditation approval from ACR



Impor tant PreImportant Pre--Survey EventsSurvey Events

•• Contact the site Contact the site –– things to confirm:things to confirm:

–– Site is aware of ACR or  FDA application processSite is aware of ACR or  FDA application process

–– FFDM unit is operableFFDM unit is operable

–– Review workstation is operable Review workstation is operable 

•• Images can be transmittedImages can be transmitted

–– Laser  pr inter  works, can pr int Laser  pr inter  works, can pr int mammomammo images, and hooked up images, and hooked up 

to all to all RWSRWS’’ ss

–– Discuss QC issuesDiscuss QC issues

•• Many QC failures result in stopping clinical imagingMany QC failures result in stopping clinical imaging

–– ACR Phantom ACR Phantom –– do they have one ondo they have one on--site?site?



Impor tant PreImportant Pre--Survey EventsSurvey Events

•• Contact ManufacturerContact Manufacturer ’’ s Service Engineerss Service Engineers

–– Is installation complete?Is installation complete?

–– Can they be present?Can they be present?

•• I f not, how can they be contacted?I f not, how can they be contacted?

–– Is the system working proper ly?Is the system working proper ly?

–– Can the laser  pr inter  service engineer  be present?Can the laser  pr inter  service engineer  be present?



Impor tant PreImportant Pre--Survey EventsSurvey Events

•• Gather  Forms Gather  Forms -- ACR and ManufacturerACR and Manufacturer ’’ s s 

Physics test formsPhysics test forms

•• Ensure you have tests that are required by manufacturerEnsure you have tests that are required by manufacturer

•• Gather  test toolsGather  test tools

–– Check required tests in manufacturerCheck required tests in manufacturer ’’ s manuals manual

–– Artifact test tool Ar tifact test tool –– 2 inches of acrylic2 inches of acrylic

–– Lead sheetLead sheet



Performing the SurveyPer forming the Survey

•• Must per form manufacturerMust per form manufacturer ’’ s testss tests

•• Turn off auto push and/or  auto pr intTurn off auto push and/or  auto pr int

–– Remember  to turn them back onRemember  to turn them back on

•• Order  of tests is impor tantOrder  of tests is impor tant

•• Use Use ““ RawRaw”” or  or  ““ ProcessedProcessed”” images for  testing per  images for  testing per  

manufacturermanufacturer ’’ s specificationss specifications



Performing the SurveyPer forming the Survey

Raw ImageRaw Image

Processed ImageProcessed Image



Fischer  Fischer  SenoscanSenoscan



Fischer  Fischer  SenoscanSenoscan



Fischer  Fischer  SenoscanSenoscan -- Per forming the SurveyPer forming the Survey

•• ManufacturerManufacturer ’’ s testss tests

–– XX--ray field size andray field size and Chest wall missed tissueChest wall missed tissue

–– Compression paddle alignmentCompression paddle alignment

–– kVp accuracykVp accuracy

–– Linear ity, reproducibility, and accuracyLinear ity, reproducibility, and accuracy

–– Beam Quality (HVL)Beam Quality (HVL)

–– Dosimetry Dosimetry –– average glandular  doseaverage glandular  dose

–– Phantom image acquisitionPhantom image acquisition



•• ManufacturerManufacturer ’’ s testss tests

–– Image qualityImage quality

–– System resolution/scan speed uniformitySystem resolution/scan speed uniformity

–– Flat field testFlat field test

–– Geometr ic distor tion and resolution uniformityGeometr ic distor tion and resolution uniformity

–– Automatic decompression controlAutomatic decompression control

–– System ar tifactsSystem ar tifacts

–– Image display monitor(s) check Image display monitor(s) check –– Tech ReviewTech Review

–– Image viewing room illuminanceImage viewing room illuminance

Fischer  Fischer  SenoscanSenoscan -- Per forming the SurveyPer forming the Survey



Fischer  Fischer  SenoscanSenoscan -- Per forming the SurveyPer forming the Survey

•• CollimationCollimation

–– Error  between fieldError  between field--size markers and image receptor  size markers and image receptor  

must be less than 2% of SIDmust be less than 2% of SID

–– Missed chest wall tissue less than 8.5 mmMissed chest wall tissue less than 8.5 mm

–– Compression paddle: distance between image receptor  Compression paddle: distance between image receptor  

at chest wall and inside of edge of paddle must at chest wall and inside of edge of paddle must 

be be << 8.5 mm8.5 mm





HologicHologic/LORAD Selenia/LORAD Selenia



LORAD LORAD SeleniaSelenia Softcopy WorkstationSoftcopy Workstation



LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey

•• ManufacturerManufacturer ’’ s testss tests

–– Unit assembly evaluation Unit assembly evaluation **

–– Artifact evaluation Ar tifact evaluation **

–– Phantom image qualityPhantom image quality

–– Evaluation of system resolutionEvaluation of system resolution

–– SignalSignal--toto--Noise and ContrastNoise and Contrast--toto--Noise MeasurementsNoise Measurements

–– Collimation assessment Collimation assessment **

*30 Days to Repair*30 Days to Repair



LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey

•• ManufacturerManufacturer ’’ s testss tests

–– kVpkVp accuracy and reproducibility accuracy and reproducibility **

–– Beam qualityBeam quality—— HVL HVL **

–– Breast Entrance exposure and average glandular  doseBreast Entrance exposure and average glandular  dose

–– Radiation output rate Radiation output rate **

–– ViewboxViewbox luminance and room luminance and room illuminanceilluminance **

–– Softcopy Workstation QCSoftcopy Workstation QC

*30 Days to Repair*30 Days to Repair



•• Collimation AssessmentCollimation Assessment

–– Use coin techniques as descr ibed in ACR ManualUse coin techniques as descr ibed in ACR Manual

•• Test 24x29 cm detector  modeTest 24x29 cm detector  mode

•• Test 18x24 cm detector  modeTest 18x24 cm detector  mode

–– XX--Ray field to light field coincidenceRay field to light field coincidence

–– XX--Ray field to image receptor  alignment Ray field to image receptor  alignment 

–– Compression Paddle to Image Receptor  AlignmentCompression Paddle to Image Receptor  Alignment

LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey



•• Artifact EvaluationArtifact Evaluation

–– 4 cm acrylic block4 cm acrylic block

–– Mo/MoMo/Mo

–– Mo/Mo/RhRh

–– Large &  Small SpotLarge &  Small Spot

–– Evaluate for  ar tifacts at WW ~ 250Evaluate for  ar tifacts at WW ~ 250

–– Pr int films Pr int films –– check pr intercheck pr inter

LoradLorad SeleniaSelenia -- Per forming the SurveyPer forming the Survey



•• kVp kVp –– Desr ibed in the 1999 ACR QC ManualDesr ibed in the 1999 ACR QC Manual

•• HVL HVL –– Desr ibed in the 1999 ACR QC Manual Desr ibed in the 1999 ACR QC Manual 

•• Action L imits:Action L imits:

–– I f measured HVL < kVp/100 + 0.03  (in mm Al)     orI f measured HVL < kVp/100 + 0.03  (in mm Al)     or

–– I f measured HVL > kVp/100 + C  (in mm Al)I f measured HVL > kVp/100 + C  (in mm Al)

where C = 0.12 for  Mo/Mo; C = 0.19 for  Mo/Rh;where C = 0.12 for  Mo/Mo; C = 0.19 for  Mo/Rh;

and C = 0.22 for  Rh/Rh, then seek service correction.and C = 0.22 for  Rh/Rh, then seek service correction.

LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey



LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey

•• Phantom Image QualityPhantom Image Quality

–– 28 28 kVpkVp, Auto Filter  Mode, Photocell @ Position #2, Auto Filter  Mode, Photocell @ Position #2

–– Pr int film Pr int film –– measure OD and Contrastmeasure OD and Contrast

–– Score on each SCW (Soft Copy Workstation)Score on each SCW (Soft Copy Workstation)

•• 5 fibers  5 fibers  

•• 4 speck groups4 speck groups

•• 4 masses4 masses

Minimum Passing Score for
LORAD Selenia & Siemens 
Mammomat Novation



•• Breast Entrance Exposure and Average Glandular  Dose Breast Entrance Exposure and Average Glandular  Dose 

–– Technique set to clinically image average breast Technique set to clinically image average breast -- 4.5 cm4.5 cm

•• 28 28 kVpkVp,  Auto Filter  Mode,  Auto Filter  Mode

•• Photocell @ Position # 2Photocell @ Position # 2

–– Calculated dose Calculated dose -- < 3.0 < 3.0 mGymGy

LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey



•• Radiation Output RateRadiation Output Rate

–– Cover  detector  for  protection Cover  detector  for  protection –– lead sheetlead sheet

–– Manual Mode ExposureManual Mode Exposure

•• 28 28 kVpkVp, 300 , 300 mAsmAs

–– Output Exposure Output Exposure -- > 800 > 800 mRmR/sec/sec

LoradLorad SeleniaSelenia -- Per forming the SurveyPer forming the Survey



•• Evaluation of System ResolutionEvaluation of System Resolution

–– 55--15 15 lplp/mm Test Pattern/mm Test Pattern

–– 44--cm Attenuation Blockcm Attenuation Block

–– Pattern at 45Pattern at 45--Degree Angle                   Degree Angle                   

to the Detectorto the Detector

•• The system limiting spatial The system limiting spatial 

resolution must be > 7 resolution must be > 7 lplp/mm/mm

LoradLorad SeleniaSelenia -- Per forming the SurveyPer forming the Survey



•• SNR and CNR MeasurementsSNR and CNR Measurements

–– SNR at least equal or  greater  than 40SNR at least equal or  greater  than 40

•• SNR = (SNR = (MeanMeanBkgdBkgd--DCDCoffsetoffset)/SD)/SDBkgdBkgd DCDCoffsetoffset = 50= 50

–– Establish CNR dur ing acceptance testing Establish CNR dur ing acceptance testing 

•• CNR = (CNR = (MeanMeanBkgdBkgd--MeanMeanDiskDisk)/SD)/SDBkgdBkgd

–– CNR should stay within CNR should stay within ±±15% of measurement obtained dur ing 15% of measurement obtained dur ing 

acceptance testingacceptance testing

LoradLorad SeleniaSelenia -- Per forming the SurveyPer forming the Survey



•• SoftCopySoftCopy Workstation QCWorkstation QC
–– Use supplied photometer  and run monitor  QC softwareUse supplied photometer  and run monitor  QC software

•• White levelWhite level = CRT and LCD Monitors (levels depend on model)= CRT and LCD Monitors (levels depend on model)

•• Black levelBlack level = 0 cd/m= 0 cd/m2  2  -- CRT Monitors  OnlyCRT Monitors  Only

•• Quality Level Per formanceQuality Level Per formance –– checks full monitor  calibration automaticallychecks full monitor  calibration automatically

–– Warning level =  5% Warning level =  5% Tolerance level =  10% Tolerance level =  10% �������� RecalibrateRecalibrate

–– CRT and LCD MonitorsCRT and LCD Monitors

•• Uniformity Per formanceUniformity Per formance –– minimize nonminimize non--uniformities away from center  of uniformities away from center  of 

displaydisplay

-- CRT Monitors OnlyCRT Monitors Only

LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey



LORAD LORAD SeleniaSelenia -- Per forming the SurveyPer forming the Survey

•• ViewboxViewbox Luminance and Room Luminance and Room I lluminanceI lluminance

Mammographic viewbox is capable of a luminance of at 
least 3000 cd/sq m (nit)

Room illuminance (viewbox surface as seen by observer) 
is ≤ 50 lux

Room illuminance (monitor surface) is ≤ 20 lux for 
softcopy reading



GE Seno DSGE Seno DS



GE GE SenographeSenographe DS DS 
Seno Advantage RWSSeno Advantage RWS



ArtifactsAr tifacts

Physicist must test all Target/Filter 
combinations and both sizes of focal 
spots for artifacts



GE Senographe
Essential

Large and Small Fields 
Require Collimation 
Assessment of all three 
positions of small field 
plus large field for both 
target materials



GE Senographe Essential Control Panel

Laterality 
must be 
selected pr ior  
to each 
exposure



Automated Evaluative Procedure
Patented Technology
Tracks IQ Over Time

Spatial Resolution
Small Signal Contrast
Dynamic Range
Resolution Uniformity
Distortion
Other

Run by Technologist
Pass/Fail Result
In-Site Interactive

Remote Corrections
Automatic Service Dispatch

QAP Not a calibration but a process that maximizes  
Senographe digital image quality consistency

GE Image Quality Signature 
Test (IQST) Phantom

Quality Assurance Plan
GE GE SenographeSenographe DS DS 



Tabs to position IQST with 
respect to chest wall edge of 
image receptor.

Rails to position the IQST left-to-right

Uniform area for noise power 
spectrum measurement

Step wedge for contrast 
measurement

Edge object for MTF 
measurement

Mesh for resolution 
uniformity measurement

Rulers for measuring Rulers for measuring 
distance of detector from distance of detector from 
chest wall edge of Buckychest wall edge of Bucky

QA Phantom Overview
GE GE SenographeSenographe DS DS 



GE Senographe Essential

Measure Entrance 
Skin Exposure
with Ion Chamber  
at 5 cm from 
outside edge of 
detector  area.



Fuj i CRm
System

CR Plate Reader

CR Plates



Fuj i CRm System

Measure Exposure Rate at Sur face of Breast Suppor t

S-ValueConfirmation



Fuj i CRm System

Dynamic Range 
Test



Fuji CRm System - CNR Test

PASS

>90%91.6%13.765280.0282.030.0RhMo6 cm

100%100.0%15.030130.0135.025.0MoMo4 cm

>110%114.4%17.19728.027.225.0MoMo2 cm

Acceptable level
CNR             

(relative to 4cm 
PMMA)

CNRmAs (Manual)
mAs

(Auto)
kVpFilterTargetPhantom Thickness

Auto TimeAEC Mode:

0Density Control:

3Focal Spot:

Auto TimeImage Mode: 

CNR PER OBJECT THICKNESS 



Yes
69.6
62Yes133A777, #6

Yes
69.5
21Yes132A111, #5

Yes
70.1
66Yes132A222, #4

Yes
70.1
52Yes132A123, #1

Yes
70.9
52Yes132A234, #2

Yes
70.9
46Yes132A456, #3

Accepta
bleSNR

Accepta
blemAsCassette ID

Group: Small 
Cassettes

25MoMo
Auto 
TimeExposure conditions

kVpFilter
Targ

et
AEC-
mode

Lorad M-IIIExposure Unite ID:

SNR limit is plus or 
minus 15 % from mean.

mAs limit is plus or 
minus 10 % from mean.

Inter  Plate Consistency



Fuj i CRm - Monitor  Tests
S ite : M ed. Im g C tr o f S o  C al D a te  o f S urvey: 4/19/2007

R o om  # : R eading R oom D a te  o f Insta lla tion : A pr-07

D O M E © E 5

T arget V alue =  500  cd/sq-m

499.2

S eria l N um bers

Lum inance V a lue  S etting  (cd/sq-m )

L ef t  M o n i t o r R ig h t  M o n i t o r

703P N K N 00028

500.88

703P N K N 00011

Is  the  C X tra  icon  present in  the
taskbar and  show n as  a  green  

check  m ark?

Is M anua l C onform ance report fo r
both d isp lays  a ttached?

Is D IC O M  ca libra tion  G raph fo r
both d isp lays  a ttached?

NoYes

Yes

Yes

No

No



Laser Printer -
must be able to 
print images on 
mammography 

laser film



FDAFDA--Approved Laser  Imagers for  Digital Approved Laser  Imagers for  Digital 
MammographyMammography

•• Agfa LR5200 Laser  Imager  (Wet Chemistry) Agfa LR5200 Laser  Imager  (Wet Chemistry) 

•• Agfa DS4500MAgfa DS4500M

•• Kodak 8600 &  8610 Laser  ImagersKodak 8600 &  8610 Laser  Imagers

•• Konica Konica DryProDryPro 793 Laser  Imager793 Laser  Imager

•• Kodak 8900MKodak 8900M

•• Fuj i Fuj i DrypixDrypix 5000 &  7000 Laser  Imagers5000 &  7000 Laser  Imagers

•• Fuj i Fuj i DrypixDrypix FMFM --DP LDP L



OD Requirements for OD Requirements for 
HiHi--Resolution Laser ImagersResolution Laser Imagers

DDmaxmax > 3.5 OD> 3.5 OD

MidMid--density > 1.5 ODdensity > 1.5 OD



Kodak daily sensitometryKodak daily sensitometry

Laser  Processor  QCLaser  Processor  QC

Base + FogBase + Fog

Density Difference Density Difference –– OD closest to 2.20 minus OD closest OD closest to 2.20 minus OD closest 
but not less than 0.45but not less than 0.45

MidMid--density density –– step closest to but not less than 1.20step closest to but not less than 1.20

DDmaxmax

Action L imits:Action L imits:

MD &  DD MD &  DD ++ 0.15 OD0.15 OD

B+Fog = 0.03B+Fog = 0.03

DDmaxmax ++ 0.250.25



FDA Required Laser  Pr inter  QC 

• GE 2000D & Senographe DS:  Follow the laser 
printer manufacturer’s QC manual

• Fischer Senoscan:  Follow the laser printer 
manufacturer’s QC manual

• Lorad Selenia:  Follow the Lorad Selenia QC 
Manual

• Siemens Mammomat Novation DR:  Follow the 
laser printer manufacturer’s QC manual but 
conduct QC every day that images are printed.



RWS Clinical Image CheckRWS Clinical Image Check

•• Does the background match?Does the background match?

•• Is the background dark enough?Is the background dark enough?

•• Does the dense tissue area match?Does the dense tissue area match?

•• Is the dense tissue light enough?Is the dense tissue light enough?

•• Is the contrast adequate?Is the contrast adequate?



RWS Clinical Image CheckRWS Clinical Image Check



RWS Clinical Image CheckRWS Clinical Image Check



Summary PointsSummary Points
•• Obtain proper  handsObtain proper  hands--on trainingon training

•• ACR &  FDA applications and formsACR &  FDA applications and forms

•• Turn off and on auto pr int and/or  auto pushTurn off and on auto pr int and/or  auto push

•• Artifacts Ar tifacts –– most problems can be seen on this testmost problems can be seen on this test

•• Lead sheet protecting detector  for  Focal Spot, HVL &  Lead sheet protecting detector  for  Focal Spot, HVL &  kVpkVp

•• Laser  Pr interLaser  Pr inter

–– DDmaxmax at least 3.5 ODat least 3.5 OD

–– MidMid--density about 1.5 ODdensity about 1.5 OD



Summary  PointsSummary  Points
•• Review workstation monitors Review workstation monitors –– look at the clinical images!look at the clinical images!

–– Do they match?Do they match?

–– Appropr iate dark and light levelsAppropr iate dark and light levels

•• Do all work on correct images Do all work on correct images –– raw vs. processedraw vs. processed

•• Take your  time and use your  professional Take your  time and use your  professional judgementjudgement



Butler/wilcox - RSNA 2006



Average Glandular Dose in FFDM 
Systems

The average dose recorded in these FFDM units 
(GE 2000D, Fischer SenoScan, Siemens Novation
and LORAD Selenia) is about 20% less than the 
dose of screen-film units measured by MQSA 
inspectors during the same time period of testing.



Butler/Wilcox - RSNA 2006
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Butler/Wilcox  RSNA 2006



SAM’S Questions



The data collected by MQSA and the ACR Mammography Accreditation
Program indicate that the average patient mid-glandular dose for an exam on 
a FFDM unit relative to the same exam on a Film/Screen unit is as follows:

17%

75%

8%

0%

0%
1. MGD on the FFDM unit is 50% greater than the average MGD on the 

FS unit

2. MGD on the FFDM unit is 20% greater than the MGD on the FS unit.

3. MGD on the FFDM unit is the same as the MGD on the FS unit

4. MGD on the FFDM unit is 20% less than the MGD on the FS unit.

5. MGD on the FFDM unit is 50% less than the MGD on the FS unit



Answer:  d - approximately 20% less 
than the MGD on the Film-Screen units

• Reference:  

ACR Accreditation Data presented at RSNA 2007 by Pam Wilcox.
FDA/MQSA Information page on CDRH/MQSA website - data by 

Wally Murad, Ph.D., FDA.



Using the Mammography Accreditation Phantom specified by 
the FDA and Accrediting bodies with the Hologic and Siemens 

FFDM units that use the amorphous selenium detector, the 
minimum acceptable phantom image quality scores are:

0%

0%

83%

0%

17% 1. 4 fibers, 3 speck groups, 3 masses

2. 5 fibers, 3 speck groups, 4 masses

3. 5 fibers, 4 speck groups, 4 masses

4. 4 fibers, 4 speck groups, 4 masses

5. 3 fibers, 4 speck groups, 4 masses



Answer:  C - 5 fibers, 4 speck groups, 
4 masses

• Ref:  Hologic and Siemens Quality Assurance 
Manuals, 2007 Versions



The minimum acceptable Half Value Layer measurement 
on a FFDM unit at 28 kVp for Mo/Mo is:

9%

0%

9%

55%

27% 1. 0.28 mm Al

2. 0.31 mm Al

3. 0.34 mm Al

4. 0.37 mm Al

5. 0.40 mm Al



Answer:  B - 0.31 mm Al

• Minimum HVL (Mo/Mo) =
(kVp/100) + 0.03 mm Al

• Therefore, @ 28 kVp, minimum HVL = 
(28/100) + 0.03 = 0.31 mm Al

• Ref:  Mammography Quality Control Manual -
American College of Radiology (1999)



The minimal acceptable resolution for a digital 
detector is:

0%

67%

33%

0%

0% 1. 3 lp/mm

2. 4 lp/mm

3. 5 lp/mm

4. 7 lp/mm

5. 10 lp/mm



Answer :  D - 7 lp/mm

• Ref:  GE, Hologic and Siemens Quality 
Assurance Manuals, 2007 Version



The maximum acceptable illuminance in a reading 
room for digital mammograms is:

0%

0%

83%

0%

17% 1. 50 lux

2. 40 lux

3. 20 lux

4. 10 lux

5. 5 lux



Answer:  C - 20 lux

• Ref:  “Medical Physicist’s Evaluation Forms,”

American College of Radiology Website,

February 2006 Version


