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ACR Appropriateness Criteria®
Breast Pain
Variant 1:

Woman with clinically insignificant breast pain (nonfocal [greater than one quadrant],
diffuse, or cyclical) without other suspicious clinical finding. Any age. Initial imaging.
Procedure

Appropriateness Category

Relative Radiation Level

Digital breast tomosynthesis diagnostic

Usually Not Appropriate

☢☢

Mammography diagnostic

Usually Not Appropriate

☢☢

MRI breast without and with IV contrast

Usually Not Appropriate

O

MRI breast without IV contrast

Usually Not Appropriate

O

Tc-99m sestamibi MBI

Usually Not Appropriate

☢☢☢

US breast

Usually Not Appropriate

O

Variant 2:

Woman with clinically significant breast pain (focal and noncyclical). Age less than 30.
Initial imaging.
Procedure

Appropriateness Category

Relative Radiation Level

Usually Appropriate

O

Digital breast tomosynthesis diagnostic

Usually Not Appropriate

☢☢

Mammography diagnostic

Usually Not Appropriate

☢☢

MRI breast without and with IV contrast

Usually Not Appropriate

O

MRI breast without IV contrast

Usually Not Appropriate

O

Tc-99m sestamibi MBI

Usually Not Appropriate

☢☢☢

US breast

Variant 3:

Woman with clinically significant breast pain (focal and noncyclical). Age 30 to 39. Initial
imaging.
Procedure

Appropriateness Category

Relative Radiation Level

Digital breast tomosynthesis diagnostic

Usually Appropriate

☢☢

Mammography diagnostic

Usually Appropriate

☢☢

US breast

Usually Appropriate

O

MRI breast without and with IV contrast

Usually Not Appropriate

O

MRI breast without IV contrast

Usually Not Appropriate

O

Tc-99m sestamibi MBI

Usually Not Appropriate

☢☢☢
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Variant 4:

Woman with clinically significant breast pain (focal and noncyclical). Age greater than or
equal to 40. Initial imaging.
Procedure

Appropriateness Category

Relative Radiation Level

Digital breast tomosynthesis diagnostic

Usually Appropriate

☢☢

Mammography diagnostic

Usually Appropriate

☢☢

US breast

Usually Appropriate

O

MRI breast without and with IV contrast

Usually Not Appropriate

O

MRI breast without IV contrast

Usually Not Appropriate

O

Tc-99m sestamibi MBI

Usually Not Appropriate

☢☢☢
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Summary of Literature Review
Introduction/Background
Breast pain is a common complaint for which patients seek medical attention, with a prevalence of up to 70% to
80% [1-5]. However, breast pain or tenderness is rarely found to result from cancer when not associated with a
palpable mass or other suspicious clinical finding. Studies show that the incidence of breast cancer in patients
with breast pain as their only symptom is 0% to 3.0% [6-13]. Some authors have found no increased risk of
malignancy in patients with breast pain, while others have even found a decreased risk when compared to those
without pain [14,15].
Breast pain should be triaged into one of two categories: pain that is not suspicious for associated malignancy
versus pain that may be clinically significant. Clinically insignificant pain is cyclical (temporally associated with
the menstrual cycle) or nonfocal/diffuse, either unilateral or bilateral. This type of pain is not associated with
malignancy [8]. Benign causes of breast pain are numerous and include hormonal variations, larger cup size, illfitting or unsupportive bra, lower levels of fitness or activity, fibromyalgia, cysts, periductal mastitis, stretching of
Cooper ligaments, fat necrosis, surgery, Mondor disease, diabetic mastopathy, duct ectasia, musculoskeletal
disease, referred nerve root pain from degenerative spinal changes, herpes zoster, heart disease, biliary pain, and
peptic ulcer [3,5,16-26].
Clinically significant pain, while still overwhelmingly due to a benign etiology, has occasionally been found to be
associated with malignancy [8,9,11,12]. When malignancy related, pain tends to be well localized and persistent
[27]. Therefore, breast pain is considered potentially clinically significant when it persists and is focal, defined as
involving <25% of the breast and axillary tissue.
Special Imaging Considerations
Digital breast tomosynthesis (DBT) can address some of the limitations encountered with standard
mammographic views. In addition to planar images, DBT allows for creation and viewing of thin-section
reconstructed images that may decrease the lesion-masking effect of overlapping normal tissue, and reveal the
true nature of potential false positive findings without the need for recall. While there is no specific literature
assessing its use in evaluation of breast pain, DBT can be useful in the diagnostic setting, improving lesion
characterization [28-31] in noncalcified lesions, when compared to conventional mammographic workup.
The following discussion is for cases of isolated breast pain without other symptoms. In cases where the pain is
associated with other symptoms, for example, lump or nipple discharge, pain should be considered a secondary
symptom and the workup should follow the ACR Appropriateness Criteria recommendations for that additional
symptom.
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Discussion of Procedures by Variant
Variant 1: Woman with clinically insignificant breast pain (nonfocal [greater than one quadrant], diffuse,
or cyclical) without other suspicious clinical finding. Any age. Initial imaging.
Mammography
There is very limited literature specifically evaluating the use of imaging in patients with nonfocal or cyclical
breast pain. In a retrospective review of 236 patients with breast pain, authors found no mammographic or
sonographic correlate in the 10 patients who had cyclical breast pain [8].
Given that this type of breast pain is not associated with malignancy, the use of mammography beyond the usual
screening recommendations is not expected to result in increased cancer detection. Some argue that imaging may
be helpful in order to reassure the patient of the absence of malignancy [14,32]. One study found patients with
breast pain reported a decreased level of pain and anxiety after sonography [33]. However, the assumption that
negative imaging reassures the patient or clinician is challenged by a retrospective cohort study that found that
imaging women with breast pain at the time of the initial clinical visit increased the odds of subsequent clinical
visits [34].
DBT
There is no relevant literature regarding the specific use of DBT in the evaluation of nonfocal or cyclical breast
pain.
US Breast
There is scant literature specifically evaluating the use of ultrasound (US) imaging in patients with nonfocal or
cyclical breast pain. In a retrospective review of 236 patients with breast pain, authors found no mammographic
or sonographic correlate in the 10 patients who had cyclical breast pain [8]. A prospective study of 76 patients
younger than age 30 who presented with cyclical breast pain as their only complaint and underwent US found no
malignancy [35]. A limitation of this study was the lack of follow-up.
MRI Breast
There is no relevant literature regarding the use of MRI in the evaluation of nonfocal or cyclical breast pain.
Tc-99m Sestamibi MBI
There is no relevant literature regarding the use of molecular breast imaging (MBI) in the evaluation of nonfocal
or cyclical breast pain.
Variant 2: Woman with clinically significant breast pain (focal and noncyclical). Age less than 30. Initial
imaging.
Mammography
There is little in the literature specifically evaluating the use of mammography in patients less than 30 years of
age who have focal and noncyclical breast pain. Because of greater breast density, mammography is known to be
less accurate than US in evaluating symptomatic women less than 30 years of age [36].
DBT
There is no relevant literature regarding the use of DBT in the evaluation of focal and noncyclical breast pain in
patients less than 30 years of age.
US Breast
The literature regarding the efficacy of US in evaluation of breast pain is somewhat limited by lack of age-groupspecific results. Most authors have found that cancer is a rare cause of focal, clinically significant breast pain
[12,35], and that US has a high negative predictive value (NPV), sensitivity, and specificity for evaluation of
breast pain. Leddy et al [11] performed a retrospective review of 257 patients who underwent US after presenting
with focal breast pain and found cancer in 1.2% of patients, with a sensitivity of 100%, specificity of 92.5%,
positive predictive value of 13.6%, and NPV of 100%. Loving et al [37] found a 100% NPV and sensitivity in
their retrospective study of 830 patients less than 30 years of age with focal breast signs or symptoms (not limited
to but including breast pain).
Some authors suggest that, despite the low incidence of malignancy, US may be useful in that it could potentially
find treatable causes of breast pain, such as cysts [9]. On the other hand, a prospective, observational follow-up
study of 987 patients with breast pain alone found benign findings in 8.6% of cases, which consisted mostly of
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small cysts [14]. The authors argued that in the absence of a palpable abnormality, any cyst that may be found by
US would be unlikely to be large enough to cause pain or benefit from aspiration.
MRI Breast
There is no relevant literature regarding the use of MRI in the evaluation of focal and noncyclical breast pain.
Tc-99m Sestamibi MBI
There is no relevant literature regarding the use of MBI in the evaluation of focal and noncyclical breast pain.
Variant 3: Woman with clinically significant breast pain (focal and noncyclical). Age 30 to 39. Initial
imaging.
Mammography
Though the incidence is low, mammography may be used to exclude malignancy in cases of focal and noncyclical
breast pain. Mammography was found to have a high sensitivity (100%) and NPV (100%) in a retrospective
review of 206 patients with focal breast pain [11]. While this study found specificity to be slightly lower at
87.6%, another retrospective study of focal, noncyclical pain calculated a specificity of mammography of 97% for
nondense breasts and 96% for dense breasts [9]. Additionally, Tumyan et al [38] in a retrospective study of
mammography in combination with US found a NPV of 100%, though the study was limited by a significant
number of patients being lost to follow-up.
DBT
While there is no literature specifically evaluating the use of DBT in the workup of focal and noncyclical breast
pain, DBT can be useful in the diagnostic setting. It is known to improve lesion characterization in noncalcified
lesions and cancer detection when compared to conventional mammographic workup [28-30,39-41].
US Breast
While there are few studies evaluating US independently of mammography in the setting of focal and noncyclical
breast pain, the existing literature suggests that US may be useful to exclude malignancy in these cases. A
retrospective review of 110 cases of focal breast pain evaluated by US found no imaging abnormality in 85 cases
(77.3%) [12] and there were no malignancies. In 15 cases (13.6%), cysts were identified, and 3 patients (2.7%)
had solid masses, all of which were benign. Fluid collections and edema were seen in the remaining cases.
Several studies have evaluated the usefulness of US in addition to mammography in cases of focal, noncyclical
breast pain and concluded that in the setting of a negative mammogram, US may not be indicated, especially in
patients with nondense breasts. A retrospective study of 206 patients with focal breast pain as their only symptom
evaluated with US after a mammogram found that US resulted in 8 additional biopsies and 14 additional 6-month
follow-up examinations without detecting any additional cancers [11]. Another retrospective study found 76
imaging abnormalities in 413 cases of focal pain, with 46 (61%) seen on US alone, for a specificity of 82%. While
there were no malignancies, US found a benign lesion in 40 of 56 cases in which mammography was negative in
patients with dense breasts and found a benign lesion in 6 of 20 cases with a negative mammogram and nondense
breasts. The specificity of US was 95% for nondense breasts and 87% for dense breasts [9].
Some authors suggest that, despite the low incidence of malignancy, US may be useful in that it could potentially
find treatable causes of breast pain, such as cysts [9]. On the other hand, a prospective, observational follow-up
study of 987 patients with breast pain alone found benign findings in 8.6% of cases, which consisted mostly of
small cysts [14]. The authors argued that in the absence of a palpable abnormality, any cyst that may be found by
US would be unlikely to be large enough to cause pain or benefit from aspiration.
MRI Breast
There is no relevant literature regarding the use of MRI in the evaluation of focal and noncyclical breast pain.
Tc-99m Sestamibi MBI
There is no relevant literature regarding the use of MBI in the evaluation of focal and noncyclical breast pain.
Variant 4: Woman with clinically significant breast pain (focal and noncyclical). Age greater than or equal
to 40. Initial imaging.
Mammography
Though the incidence is low, mammography may be used to exclude malignancy in cases of focal and noncyclical
breast pain. Mammography was found to have a high sensitivity (100%) and NPV (100%) in a retrospective
review of 206 patients with focal breast pain [11]. While this study found specificity to be slightly lower at
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87.6%, another retrospective study of focal, noncyclical pain calculated a specificity of mammography of 97% for
nondense breasts and 96% for dense breasts [9]. Additionally, Tumyan et al [38] in a retrospective study of
mammography in combination with US found a NPV of 100%, though the study was limited by a significant
number of patients being lost to follow-up. A mammogram should be obtained if the patient has not undergone
mammography within the last 3 to 6 months.
DBT
While there is no literature specifically evaluating the use of DBT in the workup of focal and noncyclical breast
pain, DBT can be useful in the diagnostic setting and is known to improve lesion characterization in noncalcified
lesions when compared to conventional mammographic workup [28-30].
US Breast
While there are few studies evaluating US independently of mammography in the setting of focal and noncyclical
breast pain, the existing literature suggests that US may be useful to exclude malignancy in these cases. A
retrospective review of 110 cases of focal breast pain evaluated by US found no imaging abnormality in 85 cases
(77.3%) [12], and there were no malignancies. In 15 cases (13.6%), cysts were identified, and of those, 3 patients
(2.7%) had solid masses, all of which were benign. Fluid collections and edema were seen in the remaining cases.
Several studies have evaluated the usefulness of US in addition to mammography in cases of focal, noncyclical
breast pain and concluded that in the setting of a negative mammogram, US may not be indicated, especially in
patients with nondense breasts. A retrospective study of 206 patients with focal breast pain as their only symptom
evaluated with US after a mammogram, found that US resulted in 8 additional biopsies and 14 additional 6-month
follow-up examinations without detecting any additional cancers [11]. Another retrospective study found 76
imaging abnormalities in 413 cases of focal pain, with 46 (61%) seen on US alone, for a specificity of 82%. While
there were no malignancies, US found a benign lesion in 40 of 56 cases in which mammography was negative in
patients with dense breasts and found a benign lesion in 6 of 20 cases with a negative mammogram and nondense
breasts. The specificity of US was 95% for nondense breasts and 87% for dense breasts [9].
Some authors suggest that, despite the low incidence of malignancy, US may be useful in that it could potentially
find treatable causes of breast pain, such as cysts [9]. On the other hand, a prospective, observational follow-up
study of 987 patients with breast pain alone found benign findings in 8.6% of cases, which consisted mostly of
small cysts [14]. The authors argued that in the absence of a palpable abnormality, any cyst that may be found by
US would unlikely be large enough to cause pain or benefit from aspiration.
If a mammogram has been obtained within the last 3 to 6 months, the patient may proceed directly to US.
MRI Breast
There is no relevant literature regarding the use of MRI in the evaluation of focal and noncyclical breast pain.
Tc-99m Sestamibi MBI
There is no relevant literature regarding the use of MBI in the evaluation of focal and noncyclical breast pain.
Summary of Recommendations
 Variant 1: For women with clinically insignificant breast pain (nonfocal [greater than one quadrant], diffuse,
or cyclical) without other suspicious clinical finding, no imaging beyond usual screening recommendations is
indicated.
 Variant 2: In women less than 30 years of age with clinically significant breast pain (focal and noncyclical),
US is appropriate.
 Variant 3: In women 30 to 39 years of age with clinically significant breast pain (focal and noncyclical),
mammography, including DBT, and US are appropriate and are equivalent alternatives.
 Variant 4: In women 40 years of age and older with clinically significant breast pain (focal and noncyclical),
mammography and DBT are appropriate equivalent alternatives, and are complementary to US.
Summary of Evidence
Of the 42 references cited in the ACR Appropriateness Criteria® Breast Pain document, all of them are
categorized as diagnostic references, including 6 good-quality studies, and 16 quality studies that may have design
limitations. There are 20 references that may not be useful as primary evidence.
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The 42 references cited in the ACR Appropriateness Criteria® Breast Pain document were published from 1976 to
2018.
Although there are references that report on studies with design limitations, 6 good-quality studies provide good
evidence.
Appropriateness Category Names and Definitions
Appropriateness Category Name
Usually Appropriate

May Be Appropriate

May Be Appropriate
(Disagreement)

Usually Not Appropriate

Appropriateness
Rating

Appropriateness Category Definition

7, 8, or 9

The imaging procedure or treatment is indicated in
the specified clinical scenarios at a favorable riskbenefit ratio for patients.

4, 5, or 6

The imaging procedure or treatment may be
indicated in the specified clinical scenarios as an
alternative to imaging procedures or treatments with
a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

5

The individual ratings are too dispersed from the
panel median. The different label provides
transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

1, 2, or 3

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Relative Radiation Level Information
Potential adverse health effects associated with radiation exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at
inherently higher risk from exposure, because of both organ sensitivity and longer life expectancy (relevant to the
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for
pediatric examinations are lower as compared with those specified for adults (see Table below). Additional
information regarding radiation dose assessment for imaging examinations can be found in the ACR
Appropriateness Criteria® Radiation Dose Assessment Introduction document [42].
Relative Radiation Level Designations
Relative Radiation Level*

Adult Effective Dose Estimate
Range

Pediatric Effective Dose Estimate
Range

O

0 mSv

0 mSv

☢

<0.1 mSv

<0.03 mSv

☢☢

0.1-1 mSv

0.03-0.3 mSv

☢☢☢

1-10 mSv

0.3-3 mSv

☢☢☢☢

10-30 mSv

3-10 mSv

☢☢☢☢☢

30-100 mSv

10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is
used). The RRLs for these examinations are designated as “Varies”.
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Supporting Documents
For additional information on the Appropriateness Criteria methodology and other supporting documents go to
www.acr.org/ac.
References
1. Ader DN, Browne MW. Prevalence and impact of cyclic mastalgia in a United States clinic-based sample.
Am J Obstet Gynecol 1997;177:126-32.
2. Ader DN, Shriver CD. Cyclical mastalgia: prevalence and impact in an outpatient breast clinic sample. J Am
Coll Surg 1997;185:466-70.
3. Kataria K, Dhar A, Srivastava A, Kumar S, Goyal A. A systematic review of current understanding and
management of mastalgia. Indian J Surg 2014;76:217-22.
4. Leinster SJ, Whitehouse GH, Walsh PV. Cyclical mastalgia: clinical and mammographic observations in a
screened population. Br J Surg 1987;74:220-2.
5. Scurr J, Hedger W, Morris P, Brown N. The prevalence, severity, and impact of breast pain in the general
population. Breast J 2014;20:508-13.
6. Arslan M, Kucukerdem HS, Can H, Tarcan E. Retrospective Analysis of Women with Only Mastalgia. J
Breast Health 2016;12:151-54.
7. Barton MB, Elmore JG, Fletcher SW. Breast symptoms among women enrolled in a health maintenance
organization: frequency, evaluation, and outcome. Ann Intern Med 1999;130:651-7.
8. Chetlen AL, Kapoor MM, Watts MR. Mastalgia: Imaging Work-up Appropriateness. Acad Radiol
2017;24:345-49.
9. Cho MW, Grimm LJ, Johnson KS. Focal Breast Pain: Does Breast Density Affect the Need for Ultrasound?
Acad Radiol 2017;24:53-59.
10. Fariselli G, Lepera P, Viganotti G, Martelli G, Bandieramonte G, Di Pietro S. Localized mastalgia as
presenting symptom in breast cancer. Eur J Surg Oncol 1988;14:213-5.
11. Leddy R, Irshad A, Zerwas E, et al. Role of breast ultrasound and mammography in evaluating patients
presenting with focal breast pain in the absence of a palpable lump. Breast J 2013;19:582-9.
12. Leung JW, Kornguth PJ, Gotway MB. Utility of targeted sonography in the evaluation of focal breast pain. J
Ultrasound Med 2002;21:521-6; quiz 28-9.
13. Locker AP, Manhire AR, Stickland V, Caseldine J, Blamey RW. Mammography in symptomatic breast
disease. Lancet 1989;1:887-9.
14. Duijm LE, Guit GL, Hendriks JH, Zaat JO, Mali WP. Value of breast imaging in women with painful breasts:
observational follow up study. BMJ 1998;317:1492-5.
15. Khan SA, Apkarian AV. Mastalgia and breast cancer: a protective association? Cancer Detect Prev
2002;26:192-6.
16. Brown N, Burnett E, Scurr J. Is Breast Pain Greater in Active Females Compared to the General Population in
the UK? Breast J 2016;22:194-201.
17. Brown N, White J, Brasher A, Scurr J. The experience of breast pain (mastalgia) in female runners of the
2012 London Marathon and its effect on exercise behaviour. Br J Sports Med 2014;48:320-5.
18. Burbage J, Cameron L. An investigation into the prevalence and impact of breast pain, bra issues and breast
size on female horse riders. J Sports Sci 2017;35:1091-97.
19. Genc A, Celebi MM, Celik SU, et al. The effects of exercise on mastalgia. Phys Sportsmed 2017;45:17-21.
20. Langford DJ, Schmidt B, Levine JD, et al. Preoperative Breast Pain Predicts Persistent Breast Pain and
Disability After Breast Cancer Surgery. J Pain Symptom Manage 2015;49:981-94.
21. Maddox PR, Harrison BJ, Mansel RE, Hughes LE. Non-cyclical mastalgia: an improved classification and
treatment. Br J Surg 1989;76:901-4.
22. Ozkan Z, Kanat BH, Gonen AN, Kanat Z, Bugra BM. A Rare Clinical Entity in the Differential Diagnosis of
Mastalgia: Thoracic Zona. J Breast Health 2015;11:168-71.
23. Pereira S, Fontes F, Sonin T, et al. Neurological complications of breast cancer: A prospective cohort study.
Breast 2015;24:582-7.
24. Pirti O, Barlas AM, Kuru S, et al. Mastalgia Due to Degenerative Changes of the Spine. Adv Clin Exp Med
2016;25:895-900.
25. Preece PE, Mansel RE, Bolton PM, Hughes LM, Baum M, Gravelle IH. Clinical syndromes of mastalgia.
Lancet 1976;2:670-3.
ACR Appropriateness Criteria®

8

Breast Pain

26. Sen M, Kilic MO, Cemeroglu O, Icen D. Can mastalgia be another somatic symptom in fibromyalgia
syndrome? Clinics (Sao Paulo) 2015;70:733-7.
27. Preece PE, Baum M, Mansel RE, et al. Importance of mastalgia in operable breast cancer. Br Med J (Clin Res
Ed) 1982;284:1299-300.
28. Brandt KR, Craig DA, Hoskins TL, et al. Can digital breast tomosynthesis replace conventional diagnostic
mammography views for screening recalls without calcifications? A comparison study in a simulated clinical
setting. AJR Am J Roentgenol 2013;200:291-8.
29. Gennaro G, Hendrick RE, Toledano A, et al. Combination of one-view digital breast tomosynthesis with oneview digital mammography versus standard two-view digital mammography: per lesion analysis. Eur Radiol
2013;23:2087-94.
30. Waldherr C, Cerny P, Altermatt HJ, et al. Value of one-view breast tomosynthesis versus two-view
mammography in diagnostic workup of women with clinical signs and symptoms and in women recalled from
screening. AJR Am J Roentgenol 2013;200:226-31.
31. Yang TL, Liang HL, Chou CP, Huang JS, Pan HB. The adjunctive digital breast tomosynthesis in diagnosis
of breast cancer. Biomed Res Int 2013;2013:597253.
32. Saenz RB. Evaluation of common breast problems in family practice. Am Fam Physician 2000;61:2327-8.
33. Zarei F, Pishdad P, Hatami M, Zeinali-Rafsanjani B. Can breast ultrasound reduce patient's level of anxiety
and pain? Ultrasound 2017;25:92-97.
34. Howard MB, Battaglia T, Prout M, Freund K. The effect of imaging on the clinical management of breast
pain. J Gen Intern Med 2012;27:817-24.
35. Olcucuoglu E, Yilmaz G. Mastodynia: is imaging necessary in young patients? Ulus Cerrahi Derg
2013;29:17-9.
36. Harper AP, Kelly-Fry E, Noe JS. Ultrasound breast imaging-the method of choice for examining the young
patient. Ultrasound Med Biol 1981;7:231-7.
37. Loving VA, DeMartini WB, Eby PR, Gutierrez RL, Peacock S, Lehman CD. Targeted ultrasound in women
younger than 30 years with focal breast signs or symptoms: outcomes analyses and management implications.
AJR Am J Roentgenol 2010;195:1472-7.
38. Tumyan L, Hoyt AC, Bassett LW. Negative predictive value of sonography and mammography in patients
with focal breast pain. Breast J 2005;11:333-7.
39. Bernardi D, Ciatto S, Pellegrini M, et al. Application of breast tomosynthesis in screening: incremental effect
on mammography acquisition and reading time. Br J Radiol 2012;85:e1174-8.
40. Hofvind S, Hovda T, Holen AS, et al. Digital Breast Tomosynthesis and Synthetic 2D Mammography versus
Digital Mammography: Evaluation in a Population-based Screening Program. Radiology 2018;287:787-94.
41. Skaane P, Sebuodegard S, Bandos AI, et al. Performance of breast cancer screening using digital breast
tomosynthesis: results from the prospective population-based Oslo Tomosynthesis Screening Trial. Breast
Cancer Res Treat 2018;169:489-96.
42. American College of Radiology. ACR Appropriateness Criteria® Radiation Dose Assessment Introduction.
Available
at:
https://www.acr.org/-/media/ACR/Files/AppropriatenessCriteria/RadiationDoseAssessmentIntro.pdf. Accessed September 30, 2018.
The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians
in making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this
document. The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques
classified as investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should
be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring
physician and radiologist in light of all the circumstances presented in an individual examination.
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