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Abstract 
▼ 
Purpose: A retrospective clinical study was done 
to investigate whether a new intraoperative 
digital imaging system (BioVision™) could reduce 
the rate of re-excisions compared to a 
commercial FFDM system. 
 
Material and Method: Between 12/2010 and 
2/2011 we diagnosed an invasive breast cancer 
(BI-RADS™ 5) in 100 patients. After histological 
verification we performed breast-conserving 
therapy with intraoperative imaging. After 
surgery, all specimens were re-examined 
radiologically with: 1) BioVision™ (Bioptics™, 
Tucson, USA), photodiode array flat panel, 
tungsten source, focus 0.05, resolution 50 µm, 12 
lp/mm; 2) Inspiration™ (Siemens™, Erlangen, 
Germany), amorphous selenium, tungsten source, 
focus 0.1 mm, resolution 85 µm, 8 lp/mm. The 
600 images of the operated specimens were 
randomly encoded (random generator) and 
shown on a monitor to five investigators with 
different levels of experience in mammography. 
 
Results: At a magnification of 1:1, our findings for 
the two systems (BioVision™ and Inspiration™) 
arrived at the same results and these were in 
accordance with the final histology, i.e. no re-
excision was necessary in 79 of the 100 patients. 
The retrospective randomly encoded analysis (n 
= 21) demonstrated a significant (p < 0.05) 
increase in sensitivity of the BioVision™ system 
compared to the Inspiration™ of 1% at a 
magnification of 1.4:1.0 or 1.5:1.0 respectively,  
 
 
 

and of 2.4% at a magnification of 2:1 or 
1.8:1.0 respectively. This means that with 
the new intraoperative imaging system a 
re-excision would not have been necessary 
in 1 or 3 patients, respectively. 
 
Conclusion: The new digital intraoperative 
imaging system BioVision™ has a 
significantly (p < 0.05) increased sensitivity 
compared to a commercial FFDM system 
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 Fig. 1 BioVision™ digital 
imaging system 
(Bioptics™, Tucson, 
USA), photodiode array 
flat panel, w-anode, 
focus 0.05, spatial 
resolution 50µm pixel 
pitch (corresponding to 
a critical frequency of 
12 lp/mm). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 
▼ 
In accordance with both European Guidelines and S3 Guidelines, it 
is required that at least 70%–preferably 90%–of all malignant 
breast lesions (BI-RADS™ 5) must undergo histological verification 
prior to operation [1-4]. Pre-operative confirmation of a diagnostic 
malignant process should achieve that only a single operative 
procedure is necessary. In addition, preceding the actual surgical 
procedure, all non-palpable breast lesions should be marked 
accordingly (e.g. wire marked) [1-4]. 
The specimen radiogram is often then a means for selecting a 
method for verifying complete removal of the lesion [5, 6]. This 
highlights a possible path for transporting the specimen from the 
operating room to radiology in a corresponding container in order 
to be x-rayed immediately [7]. The results of the specimen 
radiogram are then shared directly with both the surgeon and the 
pathologist, either on film (analog/digital) or, more efficiently, 
directly via PACS. 
The breast re-excisions following breast-conserving treatment 
(BET) for breast carcinomas (histological B5 and therefore BI-
RADS™ 6) previously undergoing histological verification, 
depending on the safety margins defined in the literature lies 
between 10% and 57% [8]. 
The purpose of our retrospective study was to determine if, with 
the help of the newly-developed intraoperative digital imaging 
system (BioVision™, Company BIOPTICS™) (Fig. 1), which was 
specifically designed for specimen radiography and is based on 
CMOS (Complementary Metal Oxide Silicon) technology, a 
decreased rate of re-excisions of invasive breast carcinomas that 
have undergone histological verification and subsequent breast-
conserving treatment post wire marking is possible. 

Tab. 1 Significant system characteristics exclusively for the 
creation of images (#1) and the conventional digital full-field digital 
mammography systems (FFDM) (#2) with the corresponding digital 
detectors. 
 
 System 1 

BioVision™ 
System 2 
Inspiration™ 

Manufacturer Bioptics Siemens 
X-ray tube assemblies 
Anode W Mo, W 
Filter Beryllium Mo, Rh 
Scattered radiation 
grid 

no linear 

Detector   
Conversion material Photon Conversion 

Material: Gd202S: 
Tb (Terbium doped 
Gadolinium 
Oxysulfide) 
Phosphorous 

Semi-conductor  
a-Se 

Selection process progressive line-
scan-selection 

Thin film transistors 

Pixel size 50 µm 85 µm 
Spatial resolution 
(Nyquist frequency) 

12 lp/mm 8 lp/mm 

 

Materials and Methods  
▼ 
Between 12/2010 and 2/2011 100 patients were diagnosed with an 
invasive breast carcinoma (BI-RADS™ 5) due to complementary 
diagnostics (clinic, mammogram, sonogram, MRT). The age of the 
patients was between 28 and 81 (median: 57). Because of the 
imaging method, the size of the lesions was between 3 and 19 mm 
(median: 16 mm). In accordance with European and S3 Guidelines 
[1-4], all patients received a pre-operative sonographically-targeted 
punch or stereotactic/radiological vacuum biopsy with a B5 
histological result, diagnosed as BI-RADS™ 6. Since none of the cases 
presented multi-focality or multi-centricity and the dimensions were 
smaller than 2.0 cm and, due to the S3 Guidelines, no primary 
neoadjuvant chemotherapy was administered [3-4]. 
Following B5 histological diagnosis, BI-RADS™ 6, all patients 
underwent pre-operative, targeted, sonographic or 
stereotactic/radiological wire marking in compliance with the 
primary procedure for histological verification of the results. 
Subsequently, a breast-conserving treatment was performed 
including the sentinel lymph node (marking with both Patent Blue 
and Technetium 99 m). The segment operated on was then suture 
marked intraoperative (orientation) (3 levels) and examined with 2 
different systems radiologically and without compression [9] via the 
wire still located in the segment and with AEC (Automatic Exposure 
Control) (specimen radiography, 2 levels) (magnification 1.0: 1.0) 
(Tab. 1): 
1. BioVision™ digital system for specimen radiography (Bioptics™, 
Tucson, USA), photodiodes array flat panel, w-anode, focus 0.05, 
spatial resolution 50 µm pixel pitch (corresponding to a critical 
frequency of 12 lp/mm) (Fig. 1), and 
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 Sensitivity (%)  Specificity (%)  
 System 1 

“BioVision”  
(50 µm) 

System 2 
“Inspiration”  
(85 µm) 

System 1  
“BioVision”  
(50 µm) 

System 2  
“Inspiration”  
(85 µm) 

Magnification 1.0:1.0(#1); 1.0:1.0(#2) 
Physician 1 79.0 78.0 100.0 100.0 
Physician 2 78.0 79.0 100.0 100.0 
Physician 3 79.0 79.0 100.0 100.0 
Physician 4 78.0 79.0 100.0 100.0 
Physician 5 79.0 78.0 100.0 100.0 
Mean 78.6 78.6 100.0 100.0 
Magnification 1.4:1.0 (#1); 1.5:1.0 (#2) 
Physician 1 82.0 81.0 100.0 100.0 
Physician 2 82.0 81.0 100.0 100.0 
Physician 3 82.0 81.0 100.0 100.0 
Physician 4 83.0 82.0 100.0 100.0 
Physician 5 82.0 81.0 100.0 100.0 
Mean 82.2 81.2 100.0 100.0 
Magnification 2.0:1.0 (#1); 1.8:1.0 (#2) 
Physician 1 86.0 82.0 100.0 100.0 
Physician 2 86.0 83.0 100.0 100.0 
Physician 3 85.0 84.0 100.0 100.0 
Physician 4 86.0 84.0 100.0 100.0 
Physician 5 85.0 83.0 100.0 100.0 
Mean 85.6 83.2 100.0 100.0 

 
2.  Inspiration™ full-field digital mammogram system (Siemens™, 

Erlangen, Germany), amorphous selenium, w-anode, focus 0.1 
mm, spatial resolution 85 µm pixel pitch (corresponding to a 
critical frequency of 8 lp/mm). 
 

Upon completion of the invasive procedure, all segments 
(specimens) were re-x-rayed without compression, according to 
system capabilities, with the following magnifications: 1:1; 1.4:1.0; 
2.0:1.0 with 26-28 kV (BioVision™) and 1:1, 1.5:1.0; 1.8:1.0 with 26-28 
kV (Inspiration™). 
All 6 x 100 images (specimen radiograms) were retrospectively 
randomly encoded and shown to 5 radiologists with varying 
experience with digital mammography on a diagnostic monitor. 
The diagnostic results (lesions on all 3 levels with sufficient safety 
margin [1.0 cm] whether present in the specimen radiogram [2 
levels] or not) [3, 4] were correlated with the final comprehensive 
histological diagnosis. The assessors were aware that all specimen 
radiograms must contain a malignoma. 

 
Results 
▼ 
Of 100 patients breast carcinomas (BI-RADS™ 6) that underwent 
histological verification, 79 patients were not indicated to require 
further surgical treatment (re-excision) following the successful 
breast-conserving treatment–confirmed by direct intraoperative 
specimen radiograms (2 levels) as well as in the retrospective, 
randomly encoded analysis at a magnification of 1.0:1.0 for both 
systems (1 and 2) (lesions on all three levels with sufficient safety 
margins [1.0 cm] contained in the specimen radiogram [2 levels]) 
(Tab. 2).

21 patients received re-excision due to pathological results (10 
specimens: operation non in sano; 11 specimens: histological 
lesions with a safety margin of <1.0 cm). 
The retrospective, randomly encoded analysis (n = 21) with a 
magnification of 1.4:1.0 and 1.5:1.0 for both systems (1 and 2), in 
comparison to a magnification of 1.0:1.0, showed an increase in 
sensitivity (mean) of 3.6% and 2.6% respectively. The differences 
between BioVision™ and Inspiration™ were significant (p < 0.05), 
both in regards to the different magnifications and direct 
comparison (1.0%) (Tab. 2). 
A magnification of 2:1 and 1.8:1.0 for both systems (1 and 2) 
showed an increase in sensitivity (mean) of 7% and 4.6% 
respectively, in comparison to a magnification of 1:1 and 3.4/2%, in 
comparison to a magnification of 1.4:1.0 and 1.5:1.0 (Fig. 2 and 3). 
A direct comparison of both systems showed a significant 
difference (p < 0.05) in sensitivity (mean) of 1% between 
BioVision™ and Inspiration™ when the magnification was 1.4:1.0 
and 1.5:1.0; a magnification of 2:1 and 1.8:1.0 showed a difference 
of 2.4% (Tab. 2). 

 
Discussion 
▼ 
The effectiveness of an operation can be increased with additional 
specimen radiograms [1-9]. In accordance with European and S3 
Guidelines, these should be performed on 2 levels, if possible [1-4]. 
This enables the intraoperative immediate verification of surgical 
success. This direct display of the specimen on 2 levels enables an 
immediate re-excision of specimens not included in the pathology. 
There is a definite, significant advantage to the exclusive use of 
current fully-digital systems over the use of conventional, analog 
mammogram systems, digital film, methods which rely on CCD 
chips and related PACS usage options and have a poorer DQU 
(Detector Quantum Efficiency) [6, 7, 10-14].

 

Tab. 2 Sensitivity and 
specificity for both systems 
(System 1 BioVision™ and 
System 2 Inspiration™), 
studied by 5 reporting 
physicians through 
retrospective evaluation of 
600 radiographic images (2 
levels) from 100 patients 
with 100 malignant lesions. 
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A problem presented itself in the fact that the mammogram 
system as well as the evaluation system (analog technology) 
should be located in the immediate vicinity of the surgery wing in 
order to avoid a delay in surgical management. This is often not 
the case since mammogram systems used exclusively for 
specimen radiograms cannot be combined with a reimbursement. 
The use of a mammogram system in the radiology department for 
specimen radiogram creation, however, slows radiology workflow 
since patients cannot be examined for 5-15 minutes. 
In the last 10-15 years, there have been developments in radiology 
systems exclusively used for specimen radiograms, which can be 
used at different locations (e.g. surgery, radiology, pathology). 
These also included innovation of conventional film to fully-digital 
systems, whereby some never progressed beyond the prototype 
stage [6, 7, 10-14]. 
In our retrospective analysis, 100 patients with interventional 
breast carcinoma that had undergone histological verification 
were treated in compliance with European and S3 Guidelines [1-4]. 
All 100 segments/specimens were examined intraoperative with 2 
different systems and with AEC (Automatic Exposure Control) 
(specimen radiography, 2 levels): BioVision™ digital specimen 
radiography system (Bioptics™, Tucson, USA) (Fig. 1) and 
Inspiration™ full-field digital mammography system (Siemens™, 
Erlangen, Germany) (magnification 1:1) (Tab. 1). 
After completing the invasive surgical procedure, all segments 
(specimens) were re-x-rayed according to system capabilities with 
the following magnifications: 1:1; 1.4:1.0; 2.0:1.0 with 26-28 kV 
(BioVision™) and 1:1; 1.5:1.0; 1.8:1.0 with 26-28 kV (Inspiration™). 
 
 

All 6 x 100 images (specimen radiograms) were retrospectively, 
randomly encoded and shown to 5 radiologists with varying 
experience with digital mammograms on a diagnostic monitor. The 
diagnostic results (lesions on all 3 levels with sufficient safety margin 
[1.0 cm] either contained in the specimen radiogram [2 levels] or not) 
were correlated with the final, comprehensive, overall histological 
results. We converted a newly-developed digital system for exclusive 
use for specimen radiography (BioVision™), based on CMOS 
(Complementary Metal Oxide Semiconductor) technology and 
offering advantageous characteristics for x-radiation. The charge is 
created by the photoelectric effect in the silicium of a photodiode 
and conditional to the x-rays, and then selected via CMOS transistors. 
With the help of this technology, a spatial resolution of 50 µm pixel 
pitch (corresponding to a critical frequency of 12 lp/mm) is achieved. 
The results were compared with the conventional full-field digital 
mammography system (Inspiration™). 
Our findings show a consistent, identical result for both systems 
(System 1 BioVision™ and System 2 Inspiration™) at a magnification of 
1:1, also consistent with the final histology, i.e. 79 of the 100 patients, 
no re-excision was necessary (Tab. 2). 21 patients received another 
operation following corresponding wire marking because the 
histology of the first operation proved non in sano or the safety 
margin was < 1 in the specimen.  
The final histology after the second operation resulted in 9 patients 
having invasive residual tumor specimens, 7 patients having DCIS 
particle specimens, and 5 patients having tumor-free specimens. 
The retrospective, randomly encoded analysis (n = 21) with a 
magnification of 1.4:1.0 and 1.5:1.0 for both systems (1 and 2), in 
comparison to a magnification of 1:1, showed an increase in 
sensitivity (mean) of 3.6% and 2.6% respectively (Tab. 2).

  

Abb. 2 a and b Specimen Radiograms. 

a   BioVision™, magnification 2.0:1.0, invasive 
breast carcinoma pT1cN0M0 with minimal DCIS 
particles, total diameter 1.6 cm, spiculae.  

b   Inspiration™, magnification 1.8:1.0, invasive 
breast carcinoma pT1cN0M0 with minimal DCIS 
particles, total diameter 1.6 cm, spiculae. 

 

Abb. 3 a and b Specimen Radiograms.  

a   BioVision™, magnification 2.0:1.0, invasive 
breast carcinoma pT1bN0M0, diameter 0.7 cm 
with extended DCIS, total diameter 1.3 cm, 
Spiculae. 

b  Inspiration™, magnification 1,8:1,0, invasive 
breast carcinoma pT1bN0M0 diameter 0.7 cm 
with extended DCIS, total diameter 1.3 cm, 
Spiculae. 
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A magnification of 2:1 and 1.8:1.0 for both systems (1 and 2), in 
comparison to a magnification of 1:1, showed an increase in 
sensitivity (mean) of 7% and 4.6% respectively, and 3.4/2% in 
comparison to a magnification of 1.4:1.0 and 1.5:1.0 (Fig. 2 
and 3) (Tab. 2). 
A direct comparison of both systems showed a significant 
difference (p < 0.05) in the sensitivity (mean) between 
BioVision™ and Inspiration™, whereby a magnification of 
1.4:1.0 and 1.5:1.0 showed a difference of 1% and a 
magnification of 2.0:1.0 and 1.8:1.0 showed a difference of 
2.4%. 
An application of the results now shows that systems 1 and 2, 
with magnifications of 1.4:1.0 and 1.5:1.0, in comparison to a 
magnification of 1:1, would spare 3 and 2 patients, 
respectively, a second operation, and magnification of 2:1 and 
1.8:1.0, in comparison to a magnification of 1:1 would spare 6 
and 4 patients, respectively, a second operation, and 3/2 
spared in comparison to a magnification of 1.4:1.0 and 1.5:1.0. 
A direct comparison of both systems, i.e. between BioVision™ 
and Inspiration™, shows that a magnification of 1.4:1.0 and 
1.5:1.0 and a magnification of 2:1 and 1.8:1.0 would have 
prevented re-excision in 1 and 3 patients, respectively. 
The breast re-excision rate for primary breast-conserving 
treatments (BET) for previously breast carcinomas having 
undergone histological verification (histology: B5 and 
therefore BI-RADS™ 6) is 21%, as seen in both our historic 
patient collection and our current retrospective analysis, 10-57% 
in the literature, depending on the defined safety margin [8]. 
To achieve a decrease in re-excision rate, not for the purpose 
of fulfilling European or S3 Guidelines but rather to spare 
patients a second invasive operation and all related side-
effects, it is surely necessary, without exception, to mark all 
operation specimens on 3 levels and to x-ray specimens on 2 
levels, with a magnification of 2, because even if the high-
resolution mode only offers tendential advantages in curative 
mammograms, every possibility to reduce preventable 
invasive surgery should be exploited, especially considering 
that radiation hygiene is not at issue here [14-18]. To optimize 
workflow in the operative/diagnostic management of breast 
carcinomas, a separate x-ray system for specimen radiograms 
located in the surgery wing would be desirable. The 
(BioVision™) digital specimen radiography system, based on 
CMOS (Complementary Metal Oxide Semiconductor) 
technology, PACS enabled, capable of magnifications up to 2:1, 
furthermore also achieves significantly (p < 0.05) greater 
sensitivity in comparison to a full-field digital mammography 
system (Inspiration™) with traditional detectors. Therefore, the 
tomosynthesis and 3-D imaging in mammogram technology 
could further increase the quality of specimen radiograms, 
with the goal of decreasing the rate of re-excision [19-21]. 
Furthermore, the new digital system is well suited, from a tele-
radiological perspective, to provide guideline-based quality 
assurance, both in surgical treatment of breast carcinoma 
patients and in hospitals that don’t have an in-house 
radiologist who can assess specimen radiographs immediately. 
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