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Abstract Breast calcification is an important feature in

the radiological assessment of breast lesions. There are

well established diagnostic criteria basing on the mor-

phology and distribution of the calcifications radiologically

with recommendation protocols. Pathologically, calcifica-

tions in breast lesions are of dystrophic type, and may

occur in either the secretory materials or necrotic debris,

with inflammation and osteopontin being plausible medi-

ators. Detection of calcium phosphate (hydroyapaptite) is

considerably easier than calcium oxalate. Radiologically

amorphous calcification represents a borderline type of

calcification, and occurs in both benign and malignant (low

grade) lesions, and warrants careful follow up and inves-

tigation. Clustering of calcification alone may not be an

accurate predictor for malignancy, but when there are

associated features like pleomorphism, branching, archi-

tectural distortion, and associated mass or density, the

predictive value for malignant increases. Adequate sam-

pling of calcification in the biopsy is crucial in the

management of patients; in general, needle core biopsy or

mammotome biopsy achieve satisfactory calcification

retrieval. In a benign biopsy that fails to identify the cal-

cifications visible in the mammography, further evaluation

or cutting of the histologic block is recommended to

minimize the potential of a false negative investigation.
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Introduction

In mammographic screening for breast cancer, calcification

is one of the important features in the assessment and

interpretation, and a good understanding of the morpho-

logic features and the mechanism of calcifications and the

potentials for misinterpretation is crucial for health care

professionals involved in breast care. In fact, mammo-

graphically detected non palpable breast lesions often

present as calcifications alone, calcifications with archi-

tectural distortion or calcifications associated with a mass

[1].

One of the two most important roles of calcification

detection in mammography is the identification of malig-

nancy, many of which are carcinoma in situ, which has an

excellent prognosis with appropriate therapy as it is pre

invasive, and as such, does not possess metastatic potential.

Interestingly the incidence of calcification in this group of

lesion is more common in younger patients and in higher

grade lesions [2–4].

The other important role is in the follow up of breast

cancer patients having breast conservation therapy (BCT)

as calcifications has been detected in 29–80% of recur-

rences, either as calcification alone or in association with

other mammographic signs [4–7].
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Radiological classification

The classification of breast calcification is based on the

assessment of the morphology and the distribution.

The American College of Radiologist, in the Breast

Imaging Reporting and Data System (BI-RADS), recom-

mends that calcifications are to be reported according to the

morphology and distribution [8–10].

The BI-RADS calcifications are listed as follows:

1. Typically benign: Skin calcifications, vascular calcifi-

cation, coarse (popcorn) calcification, large rod like

calcification, round calcifications, lucent center calci-

fication, eggshell or rim calcification, milk of calcium

calcification, suture calcification, dystrophic calcifica-

tion and punctate calcification.

2. Intermediate concern calcifications: amorphous or

indistinct calcifications or coarse heterogeneous

calcifications.

3. Higher probability of malignancy: fine pleomorphic

calcifications (granular) and fine linear, or fine linear

branching (casting) calcifications.

In addition, the distribution of the calcifications is also

noted, as diffuse or scattered, regional, grouped or

clustered, linear, or segmental, with increasing risk of

malignancy.

The overall assessment categorization is divided into:

Category 0—need additional imaging evaluation—

assessment is incomplete, needing additional imaging

evaluation—almost always used in the screening setting

only

Category 1—negative—no abnormalities detected

Category 2—benign findings—some features worthy of

description, but are confidently diagnosed as benign

Category 3—probably benign, short follow up interval

suggested—the lesions have a high probability of being

benign, but stability over time is preferably to be

established

Category 4—suspicious abnormality—biopsy should be

considered—although the lesions do not have the

characteristic morphologies of breast cancer, they

possess a definite probability of being malignant

Category 5—highly suggestive of malignancy, appro-

priate action should be taken.

Category 6—known biopsy proven malignancy—

reserved for lesions with biopsy proof of malignancy.

Using a simplistic approach, calcifications that are large

(greater than 1 mm), smooth, round, dense, scattered over a

large area, bilateral or associated with some benign process

are classified as benign. Clustered calcifications (at least

4–5 calcifications in 1 cm3 area), in particular when

they are pleomorphic or linear [11] are suggestive of

malignancy. Stability over time should also be considered

in the evaluation of calcifications. Static calcifications are

considered benign, and new or increased calcifications may

be viewed with suspicion. Calcifications that are neither

clearly benign nor clearly malignant are considered

indeterminate and must be treated as malignant until

proven otherwise [1, 11–14].

Mechanism of calcification

Pathologic calcification is a common process in a wide

variety of diseases, and it can be classified into dystrophic

and metastatic calcification. Dystrophic calcification occurs

in an abnormal local environment, without systemic cal-

cium metabolic derangements; whereas metastatic calcifi-

cation almost always occurs with hypercalcemia [15].

Dystrophic calcification may occur in areas of necrosis

(particularly comedo necrosis of high grade ductal carci-

noma in situ). The pathogenesis involves initiation and

propagation, both of which may be intra- or extra- cellular,

with crystalline calcium phosphate being the ultimate end

product. Initiation in extracellular sites begins at membrane

bound vesicles derived from degenerating cells, with con-

centration of calcium by virtue of its affinity for membrane

phospholipids. Initiation in intracellular sites begins in the

mitochondria of the dead or dying cells that have lost their

ability to regulate intracellular calcium. Propagation of the

calcification depends on the concentration of calcium,

phosphate, presence of mineral inhibitors, and other

proteins like osteopontin.

Metastatic calcification occurs with hypercalcemia due

to other medical conditions that lead to increased para-

thyroid hormone production, increased destruction of bone,

vitamin D related disorder or renal failure. This type of

calcification can occur widely throughout the body, but the

usual calcifications that are detected in the breast probably

do not derive from this mechanism.

In breast tissue, there are two types of calcification

molecules [16]. One is calcium oxalate, which is crystal-

line, amber, transparent, but birefringent on polarized light;

the other is non crystalline, greywhite, non-birefringent,

and contains calcium hydroxyapatite, which is a form of

calcium phosphate. The former is usually not visible by

H&E, and presents difficulty to be visualized without

polarized light [17]. The Von Kossa stain has not been

reported to be useful to detect calcium oxalate as well [18].

Interestingly this type of calcification is present mostly in

benign lesions, particularly in those associated with

apocrine changes [19].

In the breast, there are two types of calcification pro-

cesses. The secretory type of calcification is related to

secretion accumulation, hence it is likely to be found in
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benign lesions, fibrocystic changes as well as low grade

malignancies. The necrotic type of calcification is seen in

comedo necrosis, and this is caused by the rapidly prolif-

erating tumor cells outstripping the vascular supply,

resulting in tumor cell death, particularly in the center of

the ductal lumen. Apparently the cell death and the sub-

sequent increased acidosis in the microenviron results in

denaturation of structural and enzymatic proteins, with

blocking of the cellular proteolysis and the preservation of

the structural features, resulting in the formation of

necrotic debris which subsequently calcifies with retention

of the structure of the large ductal system, thus forming the

typical linear, branching and casting type of calcification.

Osteopontin appears to be a crucial mediator involved in

the process of calcification. This mediator was found in the

histiocytes around the lesional epithelial breast tissue [20,

21], but at much lower level in tumor cells [21, 22]. There is

evidence that the same mediator of ostropontin is involved

in the ‘secretory’ and the ‘necrotic’ type of calcification. It

has been found that high level of osteopontin is present in

milk, and it is very likely that in fibrocystic changes and

those with secretory type calcification, ostropontin level is

increased within the lumen [23, 24]. The observation that

the osteopontin in the milk may actually inhibit crystal

growth [25, 26] may account for the granular appearance of

this type of calcification. In the scenario of high grade

tumor, osteopontin expression may actually represent part

of the inflammatory response process to cellular damage. As

observed before, most of the osteopontin is probably

synthesized by macrophages likely recruited as part of the

necrosis induced inflammatory response [27].

Specific types of calcifications and the pathological

correlation

Amorphous calcification

While the typical benign or malignant type calcification

morphologies have good positive and negative predictive

values, the amorphous type calcifications have been con-

sidered of intermediate concern. The specific description is

‘sufficiently small or hazy that a small specific morpho-

logical classification cannot be made’ [10]. With the

increased sensitivity of mammography, this type of

calcification is more readily detected and submitted for

pathologic evaluation [28], and it was reported that 60% of

these amorphous calcifications were benign, being found in

fibrocystic changes, fibrosis, sclerosing adenosis, usual

hyperplasia, fibroadenomas, benign stromal calcification,

secretory change, duct papilloma and apocrine metaplasia.

Among these, the first three entities account for more than

86% of all the benign lesions. About 20% were malignant,

with invasive carcinoma accounting for a minority (10%)

of all malignant lesions, and ductal carcinoma in situ

accounting for the remaining majority (90%). Even the

invasive lesions were small, all of which were less than

5 mm. For the ductal carcinoma in situ, most of the

malignancies with amorphous calcifications were of low

nuclear grade (60% of all ductal carcinoma in situ), with

intermediate and high nuclear grade lesions accounting for

28% and 12% respectively of all ductal carcinoma in situ.

Interestingly, in 6% of the cases, the calcifications were

found in the benign tissue adjacent to the ductal carcinoma

in situ, but not within the lesion. Atypical lesions including

atypical duct hyperplasia, atypical lobular hyperplasia and

lobular carcinoma in situ accounted for another 20% of the

series. Of interest is that most calcifications of the ADH

were lesional, whereas those for ALH and LCIS were

mostly in the adjacent benign breast tissue rather than

within the lesion.

To put this into perspective, in the same series and

among all the lesions that showed calcification, about 33,

84 and 50% respectively of breast ductal carcinoma

(invasive and in situ), atypical duct hyperplasia and lobular

neoplasia (ALH and LCIS) with calcification showed

amorphous type calcification.

It thus appears that a significant proportion of amor-

phous calcification is malignant, ranging from 20% to 26%

[8, 28]. The distribution of the calcifications is also

important. It has been reported that even for amorphous

calcifications, those in segmental or linear distributions had

higher chances of being malignant (about 40–70%) com-

pared to clustered distribution (about 17–36%) [8, 28].

Pathologically, the calcification is more likely to be of

secretory type, which can occur in both benign lesions as

well as in low grade malignancy devoid of necrosis. The

distribution of the calcification is also a reflection of the

pathology. In malignant lesions, there is more likely to be

involvement of the single ductal system, with higher den-

sity of the malignancy associated amorphous calcification

present within a linear or ductal distribution, whereas in

benign lesions, the involvement tends to be more diffuse,

hence the resulting calcification may be more clustered and

transgressed the boundaries of the segments or ducts.

Linear or branching calcification

Linear or branching calcifications are usually associated

with high grade, poorly differentiated carcinomas with

comedo type necrosis, with some overlap [29]. This

phenomenon is valid for both in situ and invasive lesions

[30–35]. For the prognostication of this group of malig-

nancy, particularly when the tumor is small in size so that

they are only screen detected (less than 15 mm), it has been
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suggested that histologic grade and stage alone may not be

reliable indicators for prognosis [36, 37], and the presence

of comedo necrosis may be an important prognostic factor

for these small, tumors [35, 37, 38], albeit this group in

general tends to behave better than larger tumors of the

same grade. It has been demonstrated that linear calcifi-

cation was associated with worse outcome (lower 5 year

survival) [35], risk of recurrence [35], residual microscopic

disease [39], extensive in situ component [39], but not

lymphovascular permeation [39]. Another recent study

involving a large series of patients however failed to

demonstrate any association between casting calcification

and survival, although the casting calcification was closely

related to the histologic grade [40]. The pathological cor-

relation is easy to understand, as the presence of linear

calcification denotes the presence of comedo necrosis,

which occurs within the geographic location of the ducts

with dystrophic calcification that one tends to see in high

grade lesions, particularly in DCIS. This would imply high

grade and probably high chance of residual disease after

lumpectomy by virtue of the significant in situ component.

(Figs. 1, 2)

Distribution of calcification and correlation with

pathological findings

Clustering of calcifications

There is an increased risk of malignancy associated with

increased number of calcifications [41, 42]. The definition

of clustered calcification is taken as more than 5 micro-

calcifications in an area of 1 cm2, or an area of 0.5 cm ·
0.5 cm or in the volume of 1 cc [42–44].There is however

considerable overlap between benign and malignant lesions

with clustered calcifications, making this morphological

description somewhat non discriminatory (Figs. 3, 4). To

enhance the discriminatory power of clustered calcifica-

tion, many authors have reported that the number of cal-

cifications within an area is an important parameter of

clustered calcifications. When the number of calcification

is low (less than 5 per 0.25 cm2 [43], or less than five per

cluster [44], or when the calcifications are present in a

loose cluster [45]), the lesions are very unlikely to be

malignant. In addition, other associated parameters have

been reported to be important in predicting malignancy,

and these include pleomorphism of the calcification,

architectural distortion, associated mass and associated

density. Interestingly clustering alone is not associated with

malignancy [44]. It would thus appear that the clustered

calcification by itself may not be a good malignant indi-

cator, but when there is associated density or mass,

increased number of calcification and pleomorphic

morphology may point strongly to a malignant lesion.

Hence the interpretation of clustered calcification has to be

in conjunction with these other parameters. Pathologically

these small sized calcifications are likely to be of secretory

type rather than the comedo (necrotic) types, thus

explaining the fact that both benign and malignant lesions

may show this type of clustered calcification. The type of

malignancy is expected to be low grade without necrosis,

and the higher number of calcification may be caused by

Fig. 1 CC view mammography showing rod shaped, casting calci-

fication in the right breast

Fig. 2 Corresponding histology showing ductal carcinoma in situ

with distended ductal space with necrosis and foci of calcification in

the center
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the higher cellularity in the malignant than benign lesions.

The associated architectural distortion as well as tissue

mass on mammography may indicate the presence of tumor

desmoplasia, which is a tissue fibrotic reaction to tumor

invasive, resulting in contraction of the area forming a

stellate or crab like pattern with dense tissue pattern or

architectural distortion, as the newly formed fibrotic tissue

may possess mild contractile property.

Calcification and biopsy

One of the main issues of radiologic pathologic correlation

in breast calcification is the correct and adequate sampling

of the calcifications in question and the subsequent path-

ologic diagnosis. The sampling methods include the widely

practiced stereotactic needle core biopsy and mammotome,

with the latter usually giving larger core size samples. In

general, the retrieval of calcifications at stereotactic needle

core biopsy is satisfactory, ranging from about 77% to

almost 100%, with a mean value of about 86% [46–49].

The detection rate depends on many factors, and an ade-

quate sample is important. It has been recommended that at

least 3 cores with 5 or more flecks of calcium is essential to

ensure high pre-operative diagnostic rate for malignant

calcifications [50], and mammotome biopsy, which tends

to obtain more tissue for histology, has a lower missing rate

for calcification [48, 49]. Another factor that contributes to

the negative detection rate is the nature of the calcification.

Calcium hydroxyapatate, which is a type of calcium

phosphate, tends to be visible on routine histologic sec-

tions, whereas the other major type, calcium oxalate, is not

visible at routine histologic staining. If calcification is

present in the specimen radiograph but not in the histology

slide, this could be caused by either loss of calcium during

processing [51, 52], or the tissue has not been completely

sectioned. If calcification is not present in the specimen

radiograph but is identified in the histologic section, then

the histologic calcification does not represent the mam-

mographic calcification as the former is much smaller and

would not have been resolved in the mammography. What

is then the significance of identification of calcification in

the biopsy? There is no relevance if the biopsy shows

malignancy. It is in the atypical or benign biopsies that one

has to be very careful in correlating the histologic calcifi-

cation with the mammographic calcification. Correlation

with the size of the calcification may be helpful, bearing in

mind that calcifications less than 100 microns may not be

significant as these are not radiologically detectable [46].

Most malignant calcifications range from 100 to 300

microns in size [53]. If calcification is present in the

specimen radiographs but not in the initial histology sec-

tions, and the initial histologic diagnosis is non malignant,

Fig. 3 CC view mammography showing punctuate irregular calcifi-

cation over the entire left breast

Fig. 4 Corresponding histology showing fibrocystic changes with

calclfication present within dilated ductal lumen, probably from

secretory material
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it is prudent to order deeper sections to search for the

calcifications, and a reduction of false negative rate of up to

6% has been reported [46] by this procedure.

Conclusion

Assessment of calcification in breast lesions requires

understanding the radiologic observation, terminology and

the underlying pathologic mechanisms. While the calcifi-

cations associated with malignancy have a typical

appearance due to necrosis, some low grade malignancies

and benign lesions show overlapping calcification patterns.

Particular attention has to be paid in the management and

investigation of lesions characterized as amorphous calci-

fication and clustered calcification, and in lesions showing

discrepancy in calcification detection between mammog-

raphy and biopsy.

References

1. Monsees BS (1995) Evaluation of breast microcalcifications

Radiol Clin N Am 33:1109–1119

2. Feig SA (2000) Ductal carcinoma in situ. Implications for

screening mammography. Radiol Clin North Am 38:653–668

3. Yang WT, Tse GM (2004) Sonographic, mammographic, and

histopathologic correlation of symptomatic ductal carcinoma in

situ. AJR Am J Roentgenol 182:101–110

4. Stomper PC, Margolin FR (1994) Ductal carcinoma in situ: the

mammographer’s perspective. AJR Am J Roentgenol 162:585–

591

5. Liberman L, Van Zee KJ, Dershaw DD et al (1997) Mammo-

graphic features of local recurrence in women who have under-

gone breast-conserving therapy for ductal carcinoma in situ. AJR

Am J Roentgenol 168:489–493

6. Mendelson EB (1992) Evaluation of the postoperative breast.

Radiol Clin North Am 30:107–138

7. Dershaw DD (1995) Mammography in patients with breast can-

cer treated by breast conservation (lumpectomy with or without

radiation). AJR Am J Roentgenol 164:309–316

8. Liberman L, Abramson AF, Squires FB et al (1998) The breast

imaging reporting and data system: positive predictive value of

mammographic features and final assessment categories. AJR Am

J Roentgenol 171:35–40

9. Obenauer S, Hermann KP, Grabbe E (2005) Applications and

literature review of the BI-RADS classification. Eur Radiol

15:1027–1036

10. American College of Radiology (2003) Breast imaging reporting

and data system (BI-RADS), 4th edn. American College of

Radiology Reston, Va

11. Briggs J (1997) Mammographic evaluation of the postsurgical

and irradiated breast. Radiol Technol 68:287–304

12. Homer MJ (1995) Cluster of calcifications in mammographic

screening. AJR Am J Roentgenol 164:1018

13. Lev-Toaff AS, Feig SA, Saitas VL et al (1994) Stability of

malignant breast microcalcifications. Radiology 192:153–156

14. Monda LA (2001) Differentiation of breast calcifications. Radiol

Technol 72:532–544

15. Kumkar, Cotran, Robbins (2003) Robbins basic pathology, 7th

edn. Saunders, Philadelphia, pp 21–22

16. Frappart L, Boudeulle M, Boumendil J et al (1984) Structure and

composition of microcalcifications in benign and malignant

lesions of the breast: study by light microscopy, transmission and

scanning electron microscopy, microprobe analysis, and X-ray

diffraction. Hum Pathol 15:880–889

17. Sloane JP (2001) Biopsy pathology of the breast. Biopsy

Pathology series 24. Arnold, London pp 15–18

18. Symonds DA (1990) Use of the von Kossa stain in identifying

occult calcifications in breast biopsies. Am J Clin Pathol 94:44–

48

19. Gonzalez JE, Caldwell RG, Valaitis J (1991) Calcium oxalate

crystals in the breast. Pathology and significance. Am J Surg

Pathol 15:586–591

20. Hirota S, Ito A, Nagoshi J et al Expression of bone matrix protein

messenger ribonucleic acids in human breast cancers. Possible

involvement of osteopontin in development of calcifying foci.

Lab Invest 72:64–69

21. Oyama T, Sano T, Hikino T et al Microcalcifications of breast

cancer and atypical cystic lobules associated with infiltration of

foam cells expressing osteopontin. Virchows Arch 440:267–273

22. Tuck AB, O’Malley FP, Singhal H et al Osteopontin expression

in a group of lymph node negative breast cancer patients. Int J

Cancer 79:502–508

23. Rittling SR, Novick KE (1997) Osteopontin expression in

mammary gland development and tumorigenesis. Cell Growth

Differ 8:1061–1069

24. Senger DR, Perruzzi CA, Papadopoulos A et al Purification of a

human milk protein closely similar to tumor-secreted phospho-

proteins and osteopontin. Biochim Biophys Acta 996:43–48

25. Hunter GK, Kyle CL, Goldberg HA (1994) Modulation of crystal

formation by bone phosphoproteins: structural specificity of the

osteopontin-mediated inhibition of hydroxyapatite formation.

Biochem J 300:723–728

26. Hunter GK, Hauschka PV, Poole AR et al (1996) Nucleation and

inhibition of hydroxyapatite formation by mineralized tissue

proteins. Biochem J 317:59–64

27. Giachelli CM, Steitz S (2000) Osteopontin: a versatile regulator

of inflammation and biomineralization. Matrix Biol 19:615–622

28. Berg WA, Arnoldus CL, Teferra E et al (2001) Biopsy of

amorphous breast calcifications: pathologic outcome and yield at

stereotactic biopsy. Radiology 221:495–503

29. Stomper PC, Connolly JL (1992) Ductal carcinoma in situ of the

breast: correlation between mammographic calcification and

tumor subtype. AJR Am J Roentgenol 159:483–485

30. Holland R, Hendriks JH, Vebeek AL et al (1990) Extent, distri-

bution, and mammographic/histological correlations of breast

ductal carcinoma in situ. Lancet 335:519–522

31. Lagios MD, Margolin FR, Westdahl PR et al (1989) Mammo-

graphically detected duct carcinoma in situ. Frequency of local

recurrence following tylectomy and prognostic effect of nuclear

grade on local recurrence. Cancer 63:618–624

32. Hermann G, Keller RJ, Drossman S et al (1999) Mammographic

pattern of microcalcifications in the preoperative diagnosis of

comedo ductal carcinoma in situ: histopathologic correlation.

Can Assoc Radiol J 50:235–240

33. Lee KS, Han BH, Chun YK et al (1999) Correlation between

mammographic manifestations and averaged histopathologic

nuclear grade using prognosis-predict scoring system for the

prognosis of ductal carcinoma in situ. Clin Imaging 23:339–346

34. Dinkel HP, Gassel AM, Tschammler A (2000) Is the appearance

of microcalcifications on mammography useful in predicting

histological grade of malignancy in ductal cancer in situ? Br J

Radiol 73:938–944

35. Peacock C, Given-Wilson RM, Duffy SW (2004) Mammographic

casting-type calcification associated with small screen-detected

6 Breast Cancer Res Treat (2008) 110:1–7

123



invasive breast cancers: is this a reliable prognostic indicator?

Clin Radiol 59:165–170

36. Tabar L, Duffy SW, Vitak B et al (1999) The natural history of

breast carcinoma: what have we learned from screening? Cancer

86:449–462

37. Tabar L, Chen HH, Duffy SW et al (2000) A novel method for

prediction of long-term outcome of women with T1a, T1b, and

10–14 mm invasive breast cancers: a prospective study. Lancet

355:429–433

38. Thurfjell E, Thurfjell MG, Lindgren A (2001) Mammographic

finding as predictor of survival in 1–9 mm invasive breast can-

cers. worse prognosis for cases presenting as calcifications alone

Breast Cancer Res Treat 67:177–180

39. MacMillan RD, Purushotham AD, Cordiner C et al (1995) Pre-

dicting local recurrence by correlating pre-operative mammo-

graphic findings with pathological risk factors in patients with

breast cancer. Br J Radiol 68:445–449

40. James JJ, Evans AJ, Pinder SE et al (2003) Is the presence of

mammographic comedo calcification really a prognostic factor

for small screen-detected invasive breast cancers? Clin Radiol

58:54–62

41. Sickles EA (1986) Breast calcifications: mammographic evalua-

tion. Radiology 160:289–293

42. Muir BB, Lamb J, Anderson TJ et al (1983) Microcalcification

and its relationship to cancer of the breast: experience in a

screening clinic. Clin Radiol 34:193–200

43. Powell RW, McSweeney MB, Wilson CE (1983) X-ray calcifi-

cations as the only basis for breast biopsy. Ann Surg 197:555–559

44. Park JM, Choi HK, Bae SJ et al (2000) Clustering of breast

microcalcifications: revisited. Clin Radiol 55:114–118

45. Egan RL, McSweeney MB, Sewell CW (1980) Intramammary

calcifications without an associated mass in benign and malignant

diseases. Radiology 137:1–7

46. Dahlstrom JE, Sutton S, Jain S (1998) Histologic-radiologic

correlation of mammographically detected microcalcification in

stereotactic core biopsies. Am J Surg Pathol 22:256–259

47. Han BK, Choe YH, Ko YH et al (2003) Stereotactic core-needle

biopsy of non-mass calcifications: outcome and accuracy at long-

term follow-up. Korean J Radiol 4:217–223

48. Cangiarella J, Waisman J, Symmans WF et al (2001) Mammo-

tome core biopsy for mammary microcalcification analysis of 160

biopsies from 142 women with surgical and radiologic followup

Cancer 91:173–177

49. Jackman RJ, Rodriguez-Soto J (2006) Breast microcalcifications:

retrieval failure at prone stereotactic core and vacuum breast

biopsy–frequency, causes, and outcome. Radiology 239:61–70

50. Bagnall MJ, Evans AJ, Wilson AR et al (2000) When have

mammographic calcifications been adequately sampled at needle

core biopsy? Clin Radiol 55:548–553

51. D’Orsi CJ, Reale FR, Davis MA et al (1991) Breast specimen

microcalcifications: radiographic validation and pathologic-

radiologic correlation. Radiology 180:397–401

52. Liberman L, Evans WP 3rd, Dershaw DD et al (1994) Radiog-

raphy of microcalcifications in stereotaxic mammary core biopsy

specimens. Radiology 190:223–225

53. de Paredes ES, Abbitt PL, Tabbarah S et al (1990) Mammo-

graphic and histologic correlations of microcalcifications.

Radiographics 10:577–589

Breast Cancer Res Treat (2008) 110:1–7 7

123


	Intermediate to highly suspicious calcification in breast lesions: �a radio-pathologic correlation
	Abstract
	Introduction
	Radiological classification
	Mechanism of calcification
	Specific types of calcifications and the pathological correlation
	Amorphous calcification
	Linear or branching calcification

	Distribution of calcification and correlation with pathological findings
	Clustering of calcifications
	Calcification and biopsy

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


