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Breast-conserving surgery (BCS) has been increasingly 
performed owing to advances in surgical techniques. 
BCS can provide survival and cosmetic benefits to 
patients with breast cancer. However, 15–35% patients 
who undergo BCS subsequently undergo re-excision 
when histological analysis reveals a positive margin. 
Accordingly, various methods have been studied to obtain 
a negative margin in the first BCS, which is one of the 
most important determinants of the local recurrence rate 
(1,2). The margin assessment methods approved by the 
Food and Drug Administration include specimen X-ray, 
radiofrequency, frozen sectioning, hematoxylin and eosin 
staining, and touch cytology. In addition, several studies 
have reported that margin assessment methods have >95% 
sensitivity using multidimensional data and volumetric 
three-dimensional (3D) analysis. Furthermore, cellular 
or molecular level margin assessment methods that do 
not involve artifacts, large-scale technical issues, or high-
cost intraoperative histological assessment tools are being 
sought (3). Specimen radiography is an easy and cost-
effective method widely used alongside mammography/
tomosynthesis in the preoperative evaluation of patients 
and lesions targeting X-ray-guided wire/seed localization. 
Nevertheless, radiological systems have limited penetration 
depth and may not provide adequate information regarding 
internal aspects of the specimen. Therefore, it is more 
reliable to use a combination of methods to identify the 
status of the margins instead of a single method. Maloney 
et al. reported that micro-computed tomography is the 
best system to assess the internal aspects and tissue volume 
of specimens, whereas spatial frequency domain imaging, 

spectral imaging, and radiofrequency imaging are ideal for 
the evaluation of the tissue surface (3). The applicability of 
current assessment modalities is limited owing to prolonged 
surgical time, and interpretation of the test results is 
complex. Therefore, based on the results of previous studies, 
we aimed to provide information on patient selection for 
intraoperative specimen radiography and execution of the 
procedure to improve procedure accuracy. 

Type of X-ray imaging 

In general, 3D images are considered more useful than 
two-dimensional (2D) images. In a prospective study, the 
sensitivity and specificity of 2D and 3D images were 41% 
and 47% and 78% and 75%, respectively. The treatment 
plan was changed in only 6.3% patients who underwent 
3D imaging (4). In another study comparing digital breast 
tomosynthesis and full-field digital mammography, digital 
breast tomosynthesis had a significantly higher sensitivity 
and demonstrated a reduced rate of re-excisions (5). 
Therefore, identification of the vertical plane of a specimen 
using tomosynthesis may be more appropriate than using 
digital mammography; however, it is possible to reduce the 
re-excision rate using the latter modality. 

Mammographic breast density

The chief limitation of specimen mammography is the lack 
of specificity for tumor and dense fibroglandular tissue. 
Radiography is useful for further resection if the tumor has 
microcalcifications. For non-palpable lesions, preoperative 
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mammographic breast density can be an important variable 
to target the lesion and perform specimen radiography 
to assess the status of the margin. Fatty breasts can affect 
evaluation of the margin by flattening the specimen if 
compression is applied when performing mammography. 
However, fatty breasts are excellent for confirming 
lesions using radiography owing to the small amount of 
fibroglandular tissue. Evaluation of margins becomes more 
difficult in cases of higher mammographic density, regardless 
of the presence of microcalcifications. In a previous study, 
margin assessment was possible in approximately 69% cases 
with a preoperative mammographic density of ≥75% (6).  
Therefore, it may be inappropriate to use specimen 
radiography as a margin assessment method in patients with 
extremely dense breasts.

Types of mammographic lesions 

The sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of margin assessments 
using specimen radiography differ depending on the 
inclusion or exclusion of microcalcifications. Several studies 
including patients with microcalcifications have reported 
that margin assessment using specimen radiography has a 
sensitivity of 50–72%, specificity of 52–74%, PPV of 76%, 
and NPV of 46% (7,8). However, there are no reports on 
the accuracy of specimen radiography in patients without 
microcalcifications. In a study by Kim et al., the presence of 
microcalcifications on mammography was an independent 
predictor of final positive margin (odds ratio, 4.1; 95% 
confidence interval, 1.2–13.7) (9). Therefore, it is necessary 
to radiographically confirm the safety margin of lesions 
that contain microcalcifications owing to the increased 
likelihood of positive margins.

Range of microcalcifications

Most ductal carcinomas in situ (DCISs) often demonstrate 
microcalcifications and are a known risk factor for positive 
resection margins. In previous studies, approximately 78–
96% of the involved margins were owing to DCIS (10-13). 
Several studies have been conducted to assess the possible 
effects of the range of microcalcifications on the accuracy 
of specimen radiography. In particular, the size of the DCIS 
tends to be underestimated on radiological imaging based 
on the range of microcalcifications on mammography, 
leading to a positive margin (14-17). Radiopathological 
discrepancies may exist; however, Layfield et al. have 

reported a statistically significant increase in re-operation 
rates when the range of microcalcifications exceeded 
30 mm (18). Therefore, in cases with a wide range of 
microcalcifications, it is advisable to use alternative margin 
assessment methods. 

Specimen volume and height 

In most cases, the volume and height of the specimen 
measured tended be lower than those measured by the 
surgeon during BCS. The height decreases by at least 5 
mm; therefore, the results of pathological analysis might 
be closer to the margin. In a study by Graham et al., the 
decrease in specimen volume and height was associated 
with five factors—patient age, breast tissue density, 
mammographic lesion type, specimen size, and use of 
compression during specimen radiography. The only 
variable that independently contributed to the flattening 
was the use of compression during specimen radiography. 
Flattening was more severe when specimen radiography 
with compression was performed than when specimen 
radiography without compression was performed; the 
height decreased by 54% and 41%, respectively (19). In 
another study, margin distortion owing to compression was 
inevitable while performing specimen radiography (20).  
One study found that a 25- or 28-kV Mo/Mo target/
filter setting was optimal for smaller breasts (21–32 mm 
in thickness), whereas a 34-kV beam with Rh/Rh target/
filter was ideal for larger breasts (>45 mm in thickness) (21).  
Therefore, the necessity of compression when performing 
specimen radiography may be questioned in such situations. 
In a previous study, adequate radiographic confirmation 
of lesions was possible without compression in cases 
that underwent mammography-guided localization (22).  
However,  compression of  the specimen could be 
misinterpreted as a wider excision than the actual margin. 
Hence, it is necessary to compare the status of the 
margin in each situation. Furthermore, safety margins 
should be determined in either situation (compressed or 
uncompressed situations. 

Width of safety margin

There is no consensus regarding the distance (mm) from 
the tumor to the resection margin during specimen 
radiography to recommend excision of additional tissue. A 
greater threshold may be associated with fewer with positive 
margins, but it leads to unnecessary resection of healthy 
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tissue. Some studies have noted an increased sensitivity 
when a greater radiological margin was considered; 
however, the specificity inversely decreased (23-25). 
Studies have attempted to define the optimal threshold and 
proposed radiologic margin widths of 4–11 mm (7,11). One 
study has specifically suggested a 15-mm marginal width for 
optimal sensitivity and specificity using receiver operating 
characteristic curves (24). However, the optimal radiological 
threshold for DCIS-associated specimens is unknown. 

Histological characteristics

The final histological characteristics are determined 
after surgery; therefore, their prediction before surgery 
is difficult. However, it is possible to predict invasive 
carcinoma, DCIS component in invasive carcinoma, and 
pure DCIS based on the results of various preoperative 
imaging studies and core biopsy. Most studies have 
retrospectively investigated the effectiveness of specimen 
radiography based on each histological characteristic. As 
expected, histological DCIS >20 mm was found to be an 
independent predictor of surgically involved margins, while 
a specimen radiography margin <4 mm trended toward 
significance (7). 

In  summary,  assessment  of  les ions  conta ining 
microcalcifications <30 mm should be performed using 
intraoperative specimen radiography in patients with a 
mammographic breast density of ≤75%. Considering 
the tendency of a decrease in the volume and height of 
specimens during histological analysis, radiography should 
be performed in two views (with and without compression), 
and the safety margin should be confirmed at 15 mm. In 
this manner, intraoperative radiography can be efficiently 
performed in most patients. 
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