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Abstract

In this article, we examine the visibility of polycarbonate
materials in X-ray images. Part thickness, color recipe and
reinforcement all influence the opacity of a material and its
visibility in X-ray images. In a simulated chest X-ray, the
polycarbonate materials were discernable as shadows; signal
to noise for samples measured against the simulated chest
background prevented quantitative determinations.

Introduction

Visualization of medical devices or surgical tool placement
with X-rays often rely on the radiopacity of materials.
Radiopacity (radiodensity) refers to how effectively materials
absorb X-rays and, therefore, how visible they are in X-ray
images. Higher density materials like metals are generally
more visible in X-ray images, while most plastics appear only
faintly on account of their lower density. To make plastics
more visible, they are often blended with higher density
additives. This approach to increase visibility is common in
materials used for catheters, where the very thin walls (0.1
mm is not uncommon) would otherwise make them virtually
invisible during critical procedures like stent placement.
Makrolon® polycarbonate from Covestro is extremely robust,
lightweight with glass-like transparency and is impact
resistant — even at low temperatures. It also has a high
dimensional stability and is easily molded, yet displays
excellent heat resistance. In this article, we delve deeper into
the question of how colorants and reinforcing agents
influence the visibility of polycarbonate in X-rays.

Methodology

The radiopacity of a series of injection-molded Makrolon®
polycarbonate compositions was measured according to
ASTM F640-20. Test articles of 1 mm and 4 mm thickness
were imaged using a high-resolution digital X-ray unit (Kubtec
XPERT 80-L). Figure 1aillustrates the simple configuration for
quantitative comparisons. A step-wedge made from
aluminum was chosen as a reference material because itis
well-documented as a reference material in radiology.
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Figure 1a. Set up of X-ray unit for evaluating radiopacity.

Page 2 of 4

Detector

Sample
] Aluminum Plate
Water Bath
Table

E—

Figure 1b. Representative set-up of chest mimic, fluoroscopy
unit, table, and test articles for measuring radiopacity.

X-Ray Source

The visibility of the polycarbonate materials against a
background like a patient's chest was also studied with a
configuration that could mimic clinical setting by fluoroscopy.
A C-arm fluoroscopy unit (GE Healthcare, OEC 9900 Elite) unit
was used for these measurements. Figure 1b shows the
setup where a water bath designed to simulate the density of
a patient’'s chest in the path of the X-ray was included in the
line of sight. Digital image files were captured and analyzed
on the basis of black/white intensity, and correlated to an
equivalent aluminum thickness with the same X-ray visibility.

Results and Discussion

Figure 2a and 2b illustrate the images obtained from the
samples with both X-ray configurations.

Figure 2a. Image of samples studied with Kubtec
X-ray unit for evaluating radiopacity. Lighter = more
opaque. Aluminum step-wedge shown at left.
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Figure 2b. Representative image of samples against
chest mimic, measured with a fluoroscopy unit. Darker =
more opaque. Aluminum step-wedge shown at right.

The image in Figure 2a allows us to make a comparison of the
relative X-ray opacities of polycarbonate-based materials.
Overall, our observations were consistent with organic matter
having much lower X-ray attenuation than aluminum or
heavier metals.[1] With the exception of carbon fiber
reinforcement, highly filled polycarbonate (either glass fibers
(GF) orinorganic colorants) were more visible. Carbon-fiber
reinforced polycarbonate appeared dark and
radiotransparent.

Figure 3 compares the relative visibility of: a) natural
polycarbonate, b) a highly colored polycarbonate and
c) a highly colored 30% GF polycarbonate.

Makrolon® M430 GF
White color, 30% GF

Makrolon® Rx1805
White color

Makrolon® 2408
Natural color

Figure 3. Relative X-ray opacity of three medical-grade
polycarbonates studied with Kubtec X-ray (each at 4mm thickness).

Inclusion of glass fibers in polycarbonate increases visibility
more significantly than colorants. Figure 4 summarizes the
opacities expressed in equivalent aluminum thicknesses for
three common polycarbonate materials with thicknesses of
4mm. Natural polycarbonate gave the lowest visibility, where
a 4mm thick part is as opaque to X-rays as a 0.25mm thick
part made from aluminum. An opaque polycarbonate (white-
colored) was only slightly more radiopaque and a 30% GF
polycarbonate was significantly more visible.
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Figure 4. Equivalent aluminum thicknesses derived
from X-ray visibility of various polycarbonate
samples (4.0mm thickness) measured.

Figure 2a also shows some materials were examined at
multiple thicknesses, and the Equivalent Aluminum Thickness
showed a linear response to thickness of the plastic parts.
Similarly, the Equivalent Aluminum Thickness was also found
to respond linearly to the concentration of glass fibers in

the samples.

The image that simulates the polycarbonate samples within a
simulated chest X-ray, Figure 2b, shows that although plastic
parts can be discerned from a simulated chest background
(slight shadow) the different samples cannot be easily
distinguished. Moreover, digital analysis of various image
areas showed the signal-to-noise was too low to draw
correlations to either the formulation or the part thickness.

Summary

The discussed data shows that existing Makrolon®
polycarbonate materials span the range of just visible to
distinctly visible on X-rays. We can show that there are
several ways to increase the radiopacity of Makrolon®
polycarbonate materials. Wall thickness has a significant
impact on the radiopacity also. A readily available medical
grade product like Makrolon® M430 GF polycarbonate
containing 30% glass fiber with a certain color formulation is
five times as radiopaque as clear Makrolon® polycarbonate
materials, and one third as radiopaque as aluminum. The
different radiopacities available in commercially available
medical grade Makrolon® polycarbonate materials give
medical device engineers considerable flexibility to achieve
their product design goals. As a polycarbonate market leader
with more than 50 years' experience in healthcare, Covestro
is committed to the future success of our customers through
our market leading products and on-going support. Connect
with a Covestro expert today.
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This document is provided for informational purposes only and the information contained herein is believed to be accurate
as of the date of this document. Nonetheless, Covestro LLC (Covestro) makes no representations or warranties regarding the
accuracy or completeness of the information in this document. Covestro has no duty to update this document for any
reason. Covestro shall not be bound by any statement or recommendation herein or not contained herein and assumes no
legal responsibility for use of or reliance upon the information in this document.

The purpose for or manner in which you apply or utilize Covestro's products, technical assistance and information, whether
verbal, written or by way of production evaluations, including any suggested formulations and recommendations, is beyond
Covestro's control. It is imperative that you test Covestro's products to determine their suitability from a technical as well as
health, safety, and environmental standpoint for your intended uses or applications. All information and technical assistance
is given without warranty or guarantee, expressed or implied, and is subject to change without notice. It is expressly
understood and agreed that you assume and hereby expressly release Covestro from all liability, in tort, contract or otherwise,
incurred in connection with the use of its products, technical assistance and information. Nothing herein shall be construed
as a recommendation to use any product in conflict with any claim of any patent relative to any material or its use.

Before working with our products, you must read and become familiar with all available information on the risks, proper use,
and handling. Information is available in several forms, e.g., safety data sheets, product labels and other safe use and handling
literature for chemical substance(s). The most current health and safety information regarding our products, including safety
data sheets, is available at the Product Safety First website (https:/solutions.covestro.com/en/productsafetyfirst). For further
information contact your Covestro representative or Covestro's Product Safety and Regulatory Affairs Department.

Makrolon® and Bayblend® are registered trademarks of Covestro.
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