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Overview 

• Welcome

• Introductions

• Phantom 

• QC Program and Manual

• What’s Next for the ACR
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ACR DM QC Manual – Status

 February 17, 2016 - FDA approved ACR’s 
alternative standard allowing facilities to use 
new manual under MQSA
– Only applies to FFDM systems without advanced 

imaging capabilities (i.e., tomosynthesis, contrast 
enhancement, etc.)
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Strengths & Take Home Points 

• QC Manual is comprehensive

• Phantom is of major importance
• Most failures are artifacts

• Includes most “legacy” tests

• Includes most “current” Mfr Tests

• Accomodates Mfr specific test (where app)

• Accomodates growth of QC program

• Manual can realistically be implemented

ACR DM QC Manual

Published 
July 29, 2016
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ACR DM QC Manual Project

Digital Mammography in the US (as of 9/1/2016) 

• 16,560 
units at 
8,748 
facilities

• 12,601 
FFDM 
units

• 3,703 DBT 
units
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• 4 accrediting bodies 

• ~32 FDA approved 
models and 
manufacturers

Quality Control: What It and Why Is It 
Important?

Primary Purpose 

• Reduce exposure to patients and personnel

• Ensure adequate and consistent patient image quality

• Detect and correct for potential problems, before they 
impact patient image quality and care

• What it’s not:
• Not a detailed technical evaluation of a unit

• Not a detailed measure of a limits of a unit

• Not the optimization of a unit
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ACR DM QC Manual Project

 Subcommittee Goals:

– Standardize all QC tests for all digital Mfr’s

– Standardize test frequencies

– Standardize performance criteria

ACR DM QC Manual Project

 QC Tests:

– Tests come from a review of a variety of sources (MQSA, 
SFM, ACRIN DMIST, Manufacturer’s QC programs, 
MITA, European and other Int’l QC programs, 
subcommittee clinical experience, etc.)

– Clinically relevant

– User/operator friendly

– Eliminate non-productive testing 

 Just because you can test something, doesn’t 

mean you should!
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ACR Digital QC Manual - Structure

 Radiologist’s Section

 Radiologic Technologist’s Section

 Medical Physicist’s Section

 Appendices

 **Clinical Image Quality Section (w/Patient Positioning 

and Compression and Clinical Image Quality Evaluation) 

will be revised at a later date and posted on ACR website

The ACR DM Phantom Prototype
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Phantom Prototype Design Principles

Phantom Prototype Design Principles
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Phantom Prototype Design Principles

 Based on existing ACR Accreditation Phantom

 Similar imaging and scoring to current phantom

 Build on experience of QC techs and physicists at 
~8,700 US
facilities who 
already know 
how to use 
and score the 
existing phantom 
(~25,000+ techs)

Phantom Prototype Design Principles

 Can be used on both SFM & FFDM

 Total attenuation matched to current SFM phantom
– Similar thickness

– Similar total dose

 Permits testing of
the MQSA 3.0 
mGy dose limit 
(single CC view)
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Proposed Scoring Changes 

 Eliminate subtraction for artifacts

 Added a “Fail” for artifacts

 New pass/fail criteria 

– From: 4,3,3

– To:  2,3,2 

– **But, objects are the same (effective) size as SFM 

Phantom 

The ACR DM Phantom Prototype



9/9/2016

11

Serial Number

*Note: Gray dot in lower left corner of wax insert is an artifact due to a bubble in wax insert.  

Image of Entire Phantom

Wax Insert

Serial Number
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Expanded View of Wax Insert

Pass Criteria: 2 Fibers, 3 Specks, 2 Masses

Equivalent to SFM Phantom:         4 Fibers, 3 Specks, 3 Masses

Serial NumberPass
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•New FFDM phantom equalizes attenuation inside and outside wax insert.

•This permits evaluation of artifacts over entire phantom area with same 

WW and WL used to score test objects.

Effects of Thickness Equalization

Serial Number

Total Thickness = 
4.10 + 0.03 cm

31.0 + 0.1 cm

Cover =Nominal 0.3 cm

Screws

19.0 + 0.1 cm

CNR Cavity (0.1 + 0.005 cm Deep)

Depth of CNR Cavity = 0.1 + 0.005 cm

2.0 + 0.05 cm 

Centered Left to Right

2.5 + 0.05 cm

Milled out wax 
insert area

7.0 cm 

(+0.04, -0.00 cm)

Compensator = 0.023 cm

Wax = 0.70 cm + 0.02 cm

Milled out wax insert 
area

13.0 cm 
(+0.04, -0.00 cm)1.0 + 0.05  cm

ID Tag

ACR Phantom Prototype
Air Gap = 0.027 cm Nominal

Total Insert Depth = 0.75 cm

Total Thickness Under Insert 
= 3.05 cm

Test object distance from 
base of wax = 0.35 + 0.10 cm

1.0 + 0.05 cm

1.0 + 0.05 cm

9.5 cm

Tolerances (Insert Well & CNR Cavity)
• Wax insert well depth :   + 0.005 cm  (+ 2 mils).
• Wax insert well width and length : + 0.04 / -0.00 cm.
• CNR cavity depth :  + 0.005 cm (+ 2 mils).
• CNR diameter :  + 0.05 cm.
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12.98 cm   (+ 0.00, - 0.04 cm)

6.98 cm

(+ 0.00, - 0.04 cm)
2.0 cm

Wax Insert Specifications with Virtual “Placement Grid”

2.0 cm

0.49 cm

0.49 cm

2.0 cm

2.0 cm each
0.49 cm

0.49 cm

Notes:

Test objects to be centered on their respective “placement grid” locations.

0.49 cm perimeter around test object “placement grid”.

0.635 cm (1/4 inch) radius on corners of wax insert.

45o + 5o

Fiber

45o + 5o

Fiber

Fiber specifications

Fiber Length = 1.0 cm + 0.1 cm

Fiber Diameter = See Table

Fiber Placement specs

Speck Placement & Specs

1. Specks to be placed at points on 
star and middle of star

2. Speck Size (spherical) = See Table

3. Center speck placement to be within 
+ 0.1 cm of center of virtual grid

4. Distance from center speck to 
center of speck on perimeter = 0.5 
cm + 0.1 cm

Mass Placement & Specs

1. Mass pre-cut sphere diameter = 5/8 inch

2. Mass placement to be within + 0.1 cm of 
center of virtual grid

ID TagID Tag

ID Tag Specs

Virtual Box:  height = 0.5 cm, length = 1.8 cm

Location of Virtual Box 
1.5 cm

Test 
Object

Fiber Diameter
Speck Diameter
(Glass Spheres)

Mass
Thickness

mm mm mm

1 0.89 + 0.05 0.33 + 0.0100 1.00 + 0.05

2 0.75 + 0.03 0.28 + 0.0083 0.75 + 0.05

3 0.61 + 0.03 0.23 + 0.0069 0.50 + 0.05

4 0.54 + 0.03 0.20 + 0.0059 0.38 + 0.04

5 0.40 + 0.03 0.17 + 0.0084 0.25 + 0.03

6 0.30 + 0.03 0.14 + 0.0070 0.20 + 0.02

Wax Insert Test Object Specifications
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Test 
Object

Fibers 
(mm)

Specks
(mm)

Masses 
(mm)

ACR 156 FFDM ACR 156 FFDM ACR 156 FFDM

1.56

1.12 0.54 2.00

0.89 0.89 0.40 1.00 1.00

0.75 0.75 0.32 0.33 0.75 0.75

0.61 0.28 0.50 0.50

0.54 0.54 0.24 0.23 0.38

0.40 0.40 0.20 0.25 0.25

0.30 0.16 0.17 0.20

0.14

Summary of Test Object “Visual 
Equivalency”

Test 
Object

Fibers 
(mm)

Specks
(mm)

Masses 
(mm)

ACR 156 FFDM ACR 156 FFDM ACR 156 FFDM

1.56

1.12 0.54 2.00

0.89 0.89 0.40 1.00 1.00

0.75 0.75 0.32 0.33 0.75 0.75

0.61 0.28 0.50 0.50

0.54 0.54 0.24 0.23 0.38

0.40 0.40 0.20 0.25 0.25

0.30 0.16 0.17 0.20

0.14

Pass/Fail Criteria 

Pass

Fail

4 32 23

3
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Benefits of Prototype Phantom Design

 Provides view of entire detector – artifact evaluation

 W/L optimized for test objects optimizes for artifact evaluation

 Finer gradations and smaller sizes of test objects

 AGD measurement & limit same as SFM – Meets MQSA

 Provides single image/exposure for evaluation(s)

 Minimal training

 Provides basis for monitor and printer QC

 ACR Physics Reviewers
– Can see scores and artifacts on single submitted film (or image)

– Do not need different WW/WL settings

ACR Digital Mammography Phantom 
Approval

 Open to all manufacturers – specifications, tolerances and 
performance criteria provided

 Approval process
– Ensures uniformity of construction and performance

– Mfr submits 2 samples to ACR

– ACR medical physicist tests against tolerances and performance 
criteria

– Approval or feedback for improvement

 Two manufacturers approved to date
– CIRS

– Gammex (Sun Nuclear)
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Page%1%of%1 4.#TECH#FORMS#-#Final#Draft_2015-12-18.xlsx

1.##ACR#DM#Phantom#Image#Quality Weekly

(00000-00)

#(month#&#day)

Image%receptor%size

Target/filter

kVp

mAs

Artifacts%P/F

Fiber%score

Speck%group%score

Mass%score

ACR%DM%Phantom%image%must%be%free%of%clinically%significant%artifacts.

Fiber%score%must%be%≥2.0G%speck%group%score%must%be%≥3.0G%mass%score%must%be%≥2.0.

Required%items%must%be%corrected%before%clinical%use.

≥5%and%<8%mm%long

2%N%3%specks

≥%½%&%<%¾%border≥%¾%border

largest

≥8%mm%long

4%N%6%specks

largest largestlargest largest
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Example
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Expanded View of Wax Insert

Fleck calibrated into cal
file.  Detector and unit 

need to be cleaned and re-
calibrated

Detector saturation 
due to high 

exposure for dense 
breasts



9/9/2016

27

Detector saturation due to 
high exposure for dense 

breasts
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Serial Number

Mean = 542.3 Mean = 498.5

St. Dev = 7.8

CNR

Distance =  70.0 mm
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D = Kgcs

D = Mean Glandular Dose

K = Entrance surface air kerma

g = glandularity of 50%

c = corrects for difference in    
composition (age dependent)

s = X-ray spectrum correction 
(Target/Filter)

Note: g and c depend on thickness, 
glandularity, and HVL.

Primary Ref: D.R. Dance, et al. Additional for the 
Estimation of Mean Glandualar Breast Dose Using 
the UK Mammography Dosimetry Protocol.  Physics 
in Medicine and Biology 45, 3225-3240, 2000.



9/9/2016

32



9/9/2016

33



9/9/2016

34



9/9/2016

35



9/9/2016

36

ACR DM QC Manual – What’s Next

 ACR developing training for techs, physicists, 
reviewers, inspectors and manufacturers

– Webinars

– In-person 

 ACR revising accreditation process and 
software to incorporate new manual and 
phantom

ACR Website & FAQs – Updated 8/22/16 
(www.acraccreditation.org/Modalities/Mammography)

Our facility would like to begin using the new ACR Digital 
Mammography QC Manual. Can we do so as soon as we receive our 
new manual? 

Before the facility QC technologist may start using the new DMQC Manual 
on a particular unit, the medical physicist must first conduct an annual 
survey of the digital mammography unit and display devices using the new 
manual and phantom. This is important to provide testing techniques and 
procedures for the QC technologist to use during routine QC. After this is 
done, the QC technologist may start performing routine QC using the new 
manual.

May I use our old ACR phantom to perform the tests in the new ACR 
Digital Mammography QC Manual instead of obtaining the new ACR 
Digital Mammography Phantom?

No. The new ACR Digital Mammography QC Manual procedures were 
designed around the new ACR Digital Mammography Phantom. The old 
ACR phantom cannot be used to conduct the tests in the new manual.
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End of Presentation 

Questions?


