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Using ultrasound color Doppler twinkling to identify 
biopsy markers in the breast and axilla 

Introduction
Biopsy clips or markers used in breast radiology procedures are provided in a varied conformation of shapes, sizes, and features 
to guarantee their successful deployment and localization. For patients with node-positive breast cancer, ultrasound is the imaging 
modality of choice to access the axilla. However, not all markers located in the axillary region can be equally detected in a regular 
practice. Previous observations showed that the biopsy marker UltraCor Twirl (Becton, Dickinson, and Company) generates a twinkling 
artifact (rapid, random color variations of adjacent pixels related to a stationary object) on Color Doppler Ultrasound. The causes of the 
twinkling signature remain under investigation, but the surface roughness of the Twirl marker could be a contributing factor.  

Hypothesis
The authors hypothesized that the surface roughness of the biopsy clips will elicit a twinkling signature on color Doppler making 
them more readily identifiable by ultrasound. 

Methods
• Twelve markers were used in the study: 1. SenoMark O-clip, 2. UltraClip ribbon, 3. UltraClip wing, and 4. SenoMark from Becton, 

Dickinson, and Company; 5. TriMark cork, 6. TriMark hourglass, 7. SecurMark top hat, 8. Tumark Q, 9. Tumark Vision, and  
10. Tumark X from Hologic; 11. MammoMARK bowtie and 12. HydroMARK open coil from Mammotome.

• The non-contact surface roughness metrics (Linear Surface Roughness [Ra] and Areal Surface Roughness [Sa]) of each of the 12 
markers were determined by 3-D coherence scanning interferometry.

• The twinkling signature of each of the 12 markers was evaluated in vitro using a 5L container of ultrasound coupling gel. 
Ultrasound system selected: GE Logiq E9. Transducers: 9L-D (2_8MHz) and ML 6-15-D (4_15 MHz). Degree of twinkling: 0 (no 
twinkling) to 4 (exuberant twinkling). 

• The dependence between Ra, Sa, and consensus twinkling scores was determined by a Spearman rank correlation test. 
Significance was declared at  level of 0.05, with 95% confidence intervals.

• Only the markers scored with moderate to exuberant twinkling (scores 3-4) were deployed and ultrasound-scanned using an ex 
vivo system (pork belly sample) and in a cadaver study. 

• Additionally, color Doppler ultrasound was performed on one patient (66y woman) diagnosed with invasive lobular carcinoma 
that had been marked previously with a Q marker in the axillary lymph positive node. 

• In all cases, ultrasound settings were adjusted to lower color scales and color frequencies to optimize twinkling.

Results
• For the in vitro study: exuberant twinkling (score 4) was observed for the cork and the Q markers using both transducers. The 

Vision marker showed moderate twinkling (score 3) only with the 9L transducer. The rest of the markers showed ‘no’ to ‘mild’ 
twinkling (scores 0-2).

• Surface roughness measurements showed that the cork marker presented the largest Ra (6.436 µm) and Sa (8.552 µM), 
followed by the Q marker (Ra=2.308; Sa=2.149). These metrics demonstrated a positive correlation between surface roughness 
and higher twinkling scores. Table 1. 

• The data for the ex vivo and the cadaver study showed that only the cork marker presented exuberant twinkling (score 4) when 
using the 9L transducer. No twinkling was observed using the ML6-15 transducer for any of the three markers tested (the cork, 
the Q, and the Vision). Transducer center of frequency and bandwidth could be determinants to capture the twinkling signature. 
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• Regardless of the in vitro assay or the cadaveric lymph node test, the cork marker twinkled similarly for a wide range in
color scale and color frequency values, demonstrating that insensitivity to these parameters is the most specific predictor of
confidence in twinkling.

• In a 60 years old female patient the Q marker in the lymph node was partially visualized on B mode imaging, but the presence
of twinkling added confidence to its detection.

Biopsy Marker 

Surface roughness measurements Twinkling score

Ra (µm) Sa (µm) 9L ML6-15

Q 2.308 (0.639) 2.149 (0.284) 4 4

Tumark X 0.512 (0.254) 0.533 (0.188) 2 1

Ribbon 0.463 (0.074) 0.492 (0.063) 0 0

Wing 0.054 (0.021) 0.117 (0.023) 0 1

Top Hat 0.281 (0.084) 0.233 (0.039) 1 1

Open coil 0.554 (0.175) 0.612 (0.102) 0 1

O-Clip 0.425 (0.164) 0.537 (0.080) 0 1

Bowtie 0.206 (0.088) 0.188 (0.018) 0 1

Hourglass 0.180 (0.081) 0.209 (0.072) 2 0

Cork 6.436 (2.417) 8.552 (4.725) 4+ 4+

SenoMark X 0.217 (0.053) 0.271 (0.099) 0 0

Vision 01 (ends) 0.738 (0.341) 0.791 (NA)
3 1

Vision 02 (coils) 0.140 (0.033) 0.243 (0.114)

Table 1. The linear Surface Roughness [Ra] (mean value) was calculated at 10 representative locations of each marker. Areal 
Surface Roughness [Sa] (mean value) was determined in varied observations for each marker (from 1 [Vision 01] to 6 [SenoMark 
X]). The standard deviation is listed in parentheses. Two separate measurements are presented for the Vision given the 2 distinct 
components of the marker. The twinkling scores obtained in the in vitro assay are shown for the 2 transducers and scored from 4 
(exuberant twinkling) to 0 (no twinkling). Only the markers shown in red were selected for the ex-vivo and cadaveric study.* 

Conclusion
The present study showed the potential of Color Doppler twinkling for the detection of breast biopsy markers in ultrasound imaging, 
particularly in the axilla. While the factors favoring twinkling are still under investigation, the authors demonstrated a positive 
trend between surface roughness metrics and exuberant twinkling scores in 2 of the 12 markers analyzed under different testing 
mediums. Although the study was performed with a limited sample of markers, US system, and transducers, it was demonstrated 
that markers with exuberant twinkling (e.g., the cork) are insensitive to changes in color scale and color frequency values, which is 
the most specific predictor of confidence in twinkling. 

* Data extracted from DOI: 10.1016/j.ultrasmedbio.2021.04.018
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