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Abstract. In breast-conserving surgery, an optical wire is
a useful surgical guiding tool to optically locate small
lesions within the breast tissue. However, the use of a
long silica glass fiber as the optical wire can be burden-
some to patients because of its stiffness and nonbiocom-
patibility. We investigate the use of a biocompatible fiber
for light localization in tissue. A surgical suture with a diam-
eter of 400 μm and a few centimeters long is employed as
the biocompatible optical waveguide to transport the vis-
ible laser light to the inner tissue site. Optical location is
confirmed with glow ball-like red laser illumination at the
tip of the suture embedded within a fresh chicken breast
tissue. Effective optical power coupling to the suture is
made by using a double-cladding fiber coupler. From
this preliminary result, we realize practical light localization
with biopolymer waveguides. © 2014 Society of Photo-Optical

Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.19.9.090503]
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A lumpectomy (also known as breast-conserving surgery) is a
common surgical procedure for the removal of small and impal-
pable breast lesions,1,2 in which a breast lump is resected with a
surrounding rim of normal tissue. This helps to preserve the gen-
eral shape of the breast to a greater extent than a mastectomy,
which requires partial or complete excision of the breast.1

Identifying the location of the breast lesion to be excised
prior to the lumpectomy is necessary for its effective surgical
removal. A hookwire or Kopans wire is a standard tool for
the preoperative localization of the breast lesion.3–5 The locali-
zation is achieved by passing a 25-cm long thin steel wire
through a needle into the breast tissue under mammographic
or ultrasonic guidance. The V-shaped tip of the wire end is anch-
ored at the lesion site by sliding the needle out of the breast. The
surgeon identifies the location of the anchored tip in the lesion

by viewing x-ray mammograms or ultrasound images of the tip
of the wire and tries to excise the tissue surrounding the tip. This
procedure is heavily empirical and often leads to additional sur-
geries due to positive margins found in a subsequent biopsy.
Dayton et al.6 have shown that the conventional metal wire-
guided lumpectomy could be improved by using a piece of opti-
cal fiber. In their study, they attached a large-core (200 μm) bare
fiber parallel to a standard Kopans wire using medical glue.
Light from a He-Ne laser was coupled into the fiber, so that
the tip of the optical fiber illuminated the breast tissue and pro-
duced a glow ball of red laser light around the lesion. The glow
ball immediately showed and localized the position of the fiber
tip, thus assisting surgeons in locating and resecting the breast
lesion. The same group reported clinical application of the opti-
cal wire to female patients suffering from high-grade ductal car-
cinoma in situ and provided improved margin states for the
resection of small lesions.7

Despite its promising results, it is necessary to raise a few
issues regarding the use of optical fiber as the optical wire.
The conventional silica glass fiber is not suitable for human
applications because of its stiffness and nonbiocompatibility.
The fiber may be broken within the breast with a small unex-
pected impact, which can induce tissue damage such as bleeding
or inflammation. Moreover, in order to deliver the light, patients
need to keep a few meters long optical fiber wound and taped on
their skins during the preoperation period, which can cause
physical and psychological discomforts. Parker et al.8 have
recently shown that the biopolymer materials, such as a silk
fibroin, can serve as an optical waveguide to transport the
light. From their finding, we hypothesize that indicating the
lesion location can be possible using a biocompatible and flex-
ible optical wire. In this paper, we propose a safe and biocom-
patible method of light-guided localization in tissue using an
optical wire, the widely used surgical suture.

We chose a conventional surgical suture (PDS II, Ethicon,
Somerville, New Jersey) as the biocompatible photonic material.
PDS II (polydioxanone) is a synthetic monofilament absorbable
suture generally used in all types of soft tissue approximation
including ophthalmic surgery.9 We reasoned that the homo-
geneity of the polymeric suture would allow the propagation
of light through the material of the suture even within the tissue.
This prediction was confirmed by a simple experiment shown in
Fig. 1(a). As can be seen, we prepared two freshly sliced chicken
breast tissues [20-mm thick, refractive index ¼ 1.37 (Ref. 10)]
and a 60-mm long, 400-μm thick PDS II suture. One end of the
suture was cleaved with a razor to facilitate the laser launching.
One third of the suture (20-mm length) was sandwiched
between the two chicken breast slices to mimic the optical
wire embedded in tissue. A 20-mW He-Ne red laser
(632.8 nm) beam was focused on the cleaved end of the suture
through a 30× objective lens (5723-H-B, 0.4 NA, New Focus,
Santa Clara, California). In Fig. 1(b), strong scattering of the red
laser light is observed within the tissue and at the point where
the suture enters the tissue. It was observable even under ambi-
ent room illumination. Because the suture has no cladding layer,
which is definitely necessary for a waveguide to confine the
beam within the core layer, a great portion of the light travelling
along the suture in air leaks out at the suture–tissue interface. We
note that the refractive index of the suture material is higher than
most biomaterials, like tissues, in general. However, the portion
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of the light that has passed the suture–tissue interface could
propagate along the suture without appreciable scattering and
finally yield an intense fan-like glow ball of light within the tis-
sue, as indicated with the dotted circle in Fig. 1(b). This result
shows the ability of the suture to guide the visible (red) light
within the tissue in order for surgeons to be able to see the sur-
gical area with naked eyes.

The coupling efficiency of the suture was measured to be
about 10%. It is rather small for practical applications. How-
ever, considering that the commercial suture has been used as
an optical waveguide without any modification, the coupling
efficiency can be encouraging. Proper cleaving of the suture
would improve the launching efficiency of the laser beam.
The suture was cut with a razor in this experiment. Due to
the flexibility and softness of the suture material, the cleaving
method used for the brittle glass fiber can be inappropriate. As
an optical waveguide, the suture should be investigated further.

With regards to the real application of the suture to breast
cancer patients, the length of the suture outside the breast
needs to be shortened for two reasons: to reduce patient discom-
fort due to the suture and to avoid a strong bending loss caused
by the highly flexible nature of the suture. In this scenario, it is
difficult to directly launch the laser beam into the short suture
near the breast. To resolve this difficulty, we adopted an optical
coupling technique for launching the light to the suture through
its side instead of through the end, which has been widely used
to combine or split optical signals for fiber optic sensing or bio-
medical imaging.11,12 The contact coupling method is a good
choice for simple and efficient optical coupling, where the opti-
cal power in the input fiber is partially coupled to the output
fibers through physical contact.12,13 This suggests that light
from a distant laser can be delivered to the output fiber (suture
here) merely by touching or winding the input fiber from the
side.

In this study, we used a homemade double-cladding fiber
(DCF) as an input fiber to feed light to the suture with the con-
tact coupling method. The DCF is a specialty optical fiber hav-
ing an outer cladding layer in addition to the conventional inner
cladding layer. Owing to the lower refractive index of the outer

cladding layer compared with the inner cladding layer, we can
use the latter as a large area multimode waveguide.12,13 In our
experiment, the outer cladding layer could be simply obtained
by coating the conventional single-mode fiber with a resin of
low-refractive index. The diameters of the core, the inner clad-
ding layer, and the outer cladding layer were 10, 125, and
250 μm, respectively.12 Figure 2(a) shows a schematic diagram
of the contact coupling method using the DCF connected to a
multimode fiber (MMF), with a core diameter of 40 μm,
through a fiber connector (FC). The other end of the MMF
was patched to an output of a 2.5-mW fiber-pigtailed red
laser. The outer cladding of the DCF was carefully peeled off
along a 40-mm length so that the inner cladding could be
exposed. Then, the DCF and the suture were twisted around
each other about three turns at the outer cladding-peeled off
region. A small amount of index matching oil (18061, Cargille
Labs, Inc., Cedar Grove, New Jersey) was evenly applied to the
twisted region to get a better contact. The refractive index of the
oil was 1.458, slightly less than that of the inner cladding of
1.46. With this, the output He-Ne laser beam from the MMF
could easily be launched into the inner cladding of the DCF
and then substantially transferred to the suture. The optical cou-
pling result is shown in Fig. 2(b), where the red light (arrow) is
observed at the tip of the suture. We can see that its intensity is
strong enough to be projected onto a paper sheet as in Fig. 2(c).
The coupling efficiency from the MMF to the suture with the
method of Fig. 2(a) was measured at about 0.9%. The low cou-
pling efficiency is mainly due to the leakage of light at the con-
tact region of the DCF coupler. Of course, adjusting the contact
length and the number of the twisting turns may appreciably
improve the coupling efficiency.12 More systematic and quanti-
tative investigation on the optical properties of the suture is
under consideration. However, the more important thing is mak-
ing a cladding layer by coating the suture with a low-index bio-
compatible material, which is definitely necessary for the
practical use of the suture as an optical waveguide.

In order to test the light delivery property of the surgical
suture and the light coupling property of the DCF coupler,
we attempted the light-guided localization using another fresh
chicken breast tissue, as shown in Fig. 3(a). The breast tissue
was drilled using an injection needle, and the suture was care-
fully inserted 35 mm below the surface. Part of the suture

Fig. 1 (a) Schematic diagram of the experimental arrangement for
light-guided localization in a chicken breast tissue using the surgical
suture. (b) A photograph (top view) of (a) under ambient room lighting.
A fan-like glow ball of light at the tip of the suture is visible in the tissue
(the dotted circle).

Fig. 2 (a) Schematic diagram of light delivery using the double-clad-
ding fiber (DCF) and the contact coupling method. S: suture, FC: fiber
connector, and MMF: multimode fiber. (b) Photographic view of
(a) taken in a dark room. The red light (arrow) at the tip of the suture
is visible. (c) Light propagating through the suture and projected on a
paper sheet.

Journal of Biomedical Optics 090503-2 September 2014 • Vol. 19(9)

JBO Letters



outside the breast tissue was wound together with the DCF (10
turns), forming a 75-mm long contact region. The 20-mW laser
beam was directly launched at the input end of the DCF using
the same 30× objective of Fig. 1. Figure 3(b) is the photograph
of the experimental arrangement. In Fig. 3(c), we can clearly see
a red glow ball (arrow) at the tip of the suture located within the
tissue. The observation was made in a dark room. However,
even under ambient illumination, as shown in Fig. 3(d), we
could recognize the red glow ball with naked eyes. As was men-
tioned, the strong light at the suture–tissue interface means that
we need to form a cladding layer to the suture with a low-index
coating.

In conclusion, we have presented the effectiveness of bio-
compatible optical wire, such as a surgical suture, for light-
guided localization in tissue. The surgical suture was used as
the optical wire. The He-Ne laser beam was launched into
the suture from its side with the help of DCF coupler. Just wind-
ing a suture around the DCF gave appreciable light coupling into
the suture, and the coupled light could reach down to 35 mm
within a chicken breast tissue. Even though preliminary, the
experimental results suggest that our approach can be engi-
neered into a practical optical wire that can indicate the location
of a breast lesion with an easy, comfortable, and biocompatible
way. Furthermore, laser treatment of the lesion through the opti-
cal wire, such as in photodynamic therapy, can be a functional
advantage of this approach.
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