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[ Abstract | Background and purpose: In the quality control of mammography, the signal-to-noise ratio (SNR) refers to the
ratio of the useful signal intensity to the background noise in the image, which is one of the important indicators for measuring the
quality of the image. The coefficient of variation (CoV) is a commonly used indicator to describe the consistency and repeatability
of SNR. This study aimed to assess the stability and repeatability of mammographic device performance by analyzing the changes in

SNR CoV in two-dimensional (2D) images and tomosynthesis images (referred to as Tomo images) under different exposure modes
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using three mammographic devices from different manufacturers. Methods: A polymethylmethacrylate (PMMA) phantom designed

for mammography quality control was used to perform automatic exposure detection at PMMA thicknesses ranging from 20-80
mm, with actual compression thickness equivalent to the average density of the breast compressed to 21-103 mm under full-field
digital mammography (FFDM), low-dose mammography and digital breast tomosynthesis (DBT) exposure modes. The CoV of SNR
in 2D images and tomosynthesis images was calculated for different mammographic devices under different exposure modes and
compression thicknesses. Results: Between the compression thicknesses equivalent to the average density of the breast from 21 mm
to 103 mm under FFDM, low-dose mammography, and DBT exposure modes, the differences in SNR CoV of 2D images under
different exposure modes among mammographic devices 1, 2, and 3 were statistically significant only in the DBT exposure mode
(P=0.003), with SNR CoV ranging from 0.188% to 0.720%, 0.368% to 1.073% and 0.402% to 1.662%, respectively. There were no
statistically significant differences in SNR CoV of 2D images among devices 1, 2, and 3 under FFDM and low-dose exposure modes
(P=0.060). Under the DBT exposure mode, there were no statistically significant differences in the SNR CoV of the first projection
image and the 0° projection image of tomosynthesis among devices 1 (2 angles), 2, and 3 (P=0.373, P=0.742, P=0.225, P=0.693,
respectively). Conclusion: The SNR CoV in 2D images and tomosynthesis images varies under different mammographic devices
and exposure modes, with no fixed or standard values, but all within the required range for mammographic device quality control.
The stability and repeatability of 2D images of mammographic devices are better under FFDM and low-dose exposure modes; the

SNR CoV values of the first projection image and the 0° projection image of tomosynthesis under the DBT exposure mode show no

statistical differences, indicating good stability of the devices.

[ Key words ]| Mammography; Signal-to-noise ratio; Coefficient of variation; Quality control
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Fig. 1 Schematic diagram of the detection phantom for SNR and
the position of the measurement ROI

A: Represented the signal-to-noise ratio detection module; B: The red
box represented the ROI area used for calculation, and the left side of
the red box was close to the chest wall side.
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Tab.1 PMMA thickness and Equivalent breast thickness

PMMA thickness/mm Equivalent breast thickness/mm
20 21
30 32
40 45
50 60
60 75
70 90
80 103
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Tab.2 The CoV values of SNR for two dimensional images of three mammography devices under three exposure modes

Device M1/%

M2/% M3/% P value

Phantom
thickness/mm

Equivalent breast

. FFDM Low-dose Combo
thickness/mm

FFDM Low-dose Combo

FFDM Low-dose Combo P, P, P

20 21 0.807 0.489 0.428  0.437
30 32 0.538 0.431 0.471  0.656
40 45 0.500 1.404 0.580  0.634
50 60 0.552 0.764 0.188  0.606
60 75 0.257 0.792 0.720  1.279
70 90 0.330 0.477 0.407  0.831
80 103 0.768 0.274 0.562  0.437

0.637 0.368  0.480 0.570 0.777

1.814 1.073  0.238 1.192 0.942

1.598 0.920  1.001 0.899 1.662

0.905 0.844  0.325 0.518 0.884  0.370 0.003 0.060
1.298 1.010  0.570 1.183 0.886

0.555 0.756  0.450 0.544 0.402

1.577 1.024 0.620

M1 represented device 1; M2 represented device 2; M3 represented device 3. P, P,, P, respectively represent the overall P values when comparing

different exposure modes of the same device.
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This study utilized digital mammography equipment that has
been clinically implemented for quality control testing

Inclusion criteria: The following three criteria must
be met simultaneously:
(D Equipped with a conventional FFDM exposure

Exclusion criteria:

(D Parts of the mammography equipment that were " mode;
unresponsive or have operational errors (n=5); < @ Equipped with a DBT exposure mode;
(2) Data that could not be obtained or processed and () Equipped with a low-dose exposure mode

analyzed (n=3)

The SNR detection for the three exposure modes and
_ | different compression thicknesses was performed on
7| three mammography units using a PMMA phantom
specifically designed for mammography (n=197)

Y

Finally, the detection data were acquired, collected, and archived,
and then processed and analyzed using specialized software (n=189)

E2 g&EMBIEAMNRHERRIRAERIZE

Fig. 2 A flowchart for the inclusion and exclusion criteria of equipment and data

ns ns o
ns ns ns ns ns ns
151 201 201
%10_ T o §1.5' §15-
17} e I » n
1.0f . 1.0F ==
0.5F I
e : 0.5} == . 05| E==m =
P=0.370 P=0.060 4L P=0.003
0.0 . . ; 0.0 . . . 0.0 . . .
M1 M2 M3 M1 M2 M3 M1 M2 M3

B3 SAZXLERIEE. SHELEX T ZHERSNRICoVELITER
Fig. 3 The statistical results of CoV values for the SNR of two dimensional images under three mammography devices and three exposure
modes were illustrated in the figure

A, B, and C represented the data distributions and statistical results of CoV values of SNR for three breast imaging devices under routine FFDM, low-
dose mammography, and DBT exposure modes. ns: No significance; **: P=0.003, M1 compared with M3.

R3 TRERXEER L FEDBTIRLRRN TR 5 — KR EF0°H B SNRHICOV

Tab.3 The CoV values of SNR for the first projection image and 0° projection image under DBT exposure mode of different mammography

devices
The CoV value of SNR for the first The CoV values of SNR for the
Device image of projection on different projection 0° position images from P value
devices/% different devices/%
thizxre‘;‘s’fglm E?E:&:ZK:“ MI-N MI-W M2 M3 MI-N MI-W M2 M3 P, P, P, P,

20 21 1.542 0.551 0.423 1.240 1.201 0.442  0.760 1.244

30 32 0422  0.237 0414 0.893 1.047  0.545  0.559  1.298

40 45 1.369  0.600 0.149  1.194 1.869  0.802  1.010  1.089

50 60 1.043  0.677 0370 0935 0.958 0.563 0.604 1.108 0373 0.742 0.225 0.693
60 75 2277 1814 0206  1.329 1338 1.474  0.539  0.799

70 90 1392 0596 0976  0.113 1.017  1.089  0.790  0.673

80 103 1.553 0513 1.187 - 0.432  0.630 0936 -

M1-N: The small angle of device 1; M1-W: The large angle of device 1; M2: Device 2; M3: Device 3. P,, P,, P;, and P, respectively represented
the comparison results of different projection images of the same device.



(¥ @EER L) 2025443554581

A
55 MI-N
- ] o
P03 10 =
a
2.0F =t
105 ¢
Q o
-—13 1 5 = [¢]
s - 0.0 g
= E
g 10 1705 &
03 -1.0 %
5
0.0 ! ]
A B B
A
C
M2
1.5 o
P=0.225 ;:5
g
2 10 05 g
S g
= E
S ost 1 100 &
=
(]
k)
0.0 L L L 1-0.5 2
A B B
A

789
B
MI1-W
2.0 o
P=0.742 =
110§
- [¢]
o 1.5 E
] 105 @
< : o
> - a
1.0 [ 2
3 :
S ‘ 100 8
5
L B
1-0.5 8
0.0 . . @
A B B
A
D
M3
2.0 31.0 g
P=0.693
&
L5e 1 {os &
E 8
< o
>
1.0 <3
> 0.0 g
(o} (<}
o I g
05 [ - ,0 5
=
a
g
0.0 . . . @
A B B
A

B4 FEIEXZKEH &S EDBTERLEX TR E —KRFE 0 R HESNRICOVES T4 RET

Fig. 4 The statistical results of the CoV values of SNR for the first projection image and 0°projection image of three mammography devices

in DBT exposure mode

A, B, C, and D represented the distributions and statistical results of CoV values of SNR for the first projection images and 0° projection images of
DBT for device 1 at small angle, device 1 at large angle, device 2, and device 3, respectively.
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