Bio-Medical Materials and Engineering 26 (2015) S173-S179 S173
DOI 10.3233/BME-151303
I0S Press

Optically-guided scalpel with light-scattering
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Abstract. A novel technique and product for carpal tunnel microscopic surgical procedures using a modified medical device
containing a head as a surgical scalpel under light guidance were designed and studied. The novel design of the medical
device was developed and applied in a new carpal tunnel microscopic surgical procedure in place of the traditional carpal
tunnel surgical procedure. Biological and clinical evaluations of carpal tunnel surgical procedure using the designed optically
guided medical device were studied. For commercialized reasons, some guidance was considered, such as ISO 10993-
1:2009(E), for the biological evaluation of the device. Furthermore, a clinical evaluation was carried out. The designed
optically guided medical device could provide a powerful medical device for carpal tunnel syndrome and related applications.
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1. Introduction

A novel optically guided medical device with a scalpel and light-scattering module was designed for
clinical needs of carpal tunnel surgical procedures via minimally invasive surgery (MIS). The wrist is
surrounded by a band of fibrous tissue that supports the joint. The tight space between the wrist bone
and the fibrous band is called the carpal tunnel. The median nerve passes through the carpal tunnel to
receive sensations from the thumb, index, and middle fingers. Hence, any condition that causes
swelling or a change in the position of the tissue within the carpal tunnel can repress and damage the
median nerve. Repression and irritation of the median nerve can cause numbness and tingling of the
thumb, index, and middle fingers, which is a clinical condition known as carpal tunnel syndrome. In
this study, a novel technique and medical device for carpal tunnel microscopic surgical procedures
through a modified medical device containing a head as a scalpel using light guidance was proposed.
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The novel design was developed and applied in carpal tunnel microscopic surgical procedures in place
of traditional carpal tunnel surgical procedures. For the design of new medical applications, the
selection of materials should be carefully considered. Several reports for the design, synthesis, and
preparation of new functional materials were studied to find suitable materials for biomedical
applications such as polyacrylate, polyester, polyamide, polyimide, polyester, polynorborene,
polytetrafluoroethylene, polydiphenylacetylenes, and polymeric resins [1-16]. Also, surface
modification technology was considered to change the surface microenvironment of the materials [17,
18]. Finally, biological and clinical evaluations of the materials were considered for the application
and design.

2. Materials and methods
2.1. New design and fabrication of optically guided medical device with scalpel

A new design and fabrication of an optically guided medical device with a scalpel were studied. The
device contained a scalpel with a blade, an optically guided system with scattering propagation, a
power controller, and a connectable power supply.
2.2. Biological evaluation of medical devices

For commercialized reasons, some guidance must be considered, such as ISO 10993-1:2009 (E), for
biological evaluation of medical devices part 1: evaluation and testing with a risk management process,

ISO 10993-5:2009 for biological evaluation of medical devices part 5: test for in vitro cytotoxicity and
SO on.

Fig. 1. Photos of clinical evaluation of caal tunnel syndrome.
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Scheme 1. New design of optically guided medical device with scalpel.
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Fig. 2. (A) New design of optically guided medical device with scalpel and its key functional components; (B) New design of
optically guided cutting component and multiple stages for scattering propagation.

Fig. 3. (A) Traditional design of medical devices for carpal tunnel surgical procedure
[http://www.medicinenet.com/carpal_tunnel syndrome/article.htm]; (B) New design of optically guided medical device with
scalpel in this study; (C)-(E) New design of optically guided medical device with scalpel employed in carpal tunnel surgical
procedure.

3. Results and discussion

3.1. New design of fabrication of optically guided medical device with scalpel for carpal tunnel
syndrome

In this study, traditional and conventional medical methods for carpal tunnel surgical procedures
were modified, and a novel optically guided medical device with a scalpel was designed for the
surgical repair of carpal tunnel syndrome (Figure 1 and Scheme 1). Photos of a clinical evaluation of
carpal tunnel syndrome are shown in Figure 1. Numbness and tingling of the thumb, index, and middle
fingers are clinical evaluations for carpal tunnel syndrome. To meet clinical demand, a new design and
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fabrication of an optically guided medical device with a scalpel was necessary. Some essential
components were considered for the clinical need for carpal tunnel surgical procedure (Scheme 1).
Therefore, a new medical device was designed, which had optically guided components with a scalpel,
an optically guided system with scattering propagation, a power controller, and a connectable power
supply (Figure 2). The scattering propagation was achieved by using the design of multiple stages in
an optically guided cutting unit (Figure 2). The electrical supply, which provided optical guidance and
electric cutting, was also part of the medical device, as shown in Scheme 1. The relatively large
operating area observed by traditional carpal tunnel surgical procedures is shown in Figure 3(A). The
fabrication of an optically guided medical device with a scalpel for the surgical repair of carpal tunnel
syndrome was carried out, and the new medical device is shown in Figures 3(B)-3(E).

3.2. Characterization of the designed optically guided medical device with scalpel

A modified medical device containing a head as a surgical scalpel under optical guidance was
designed. The newly designed head as a surgical scalpel is shown in Figure 4. Multiple stages for light
scattering propagations were designed. The light scattering propagation occurred because of the light
transfer delay among different light waves, which satisfied the clinical demand during carpal tunnel
surgical procedure to show the light passing under the skin, as shown in Figure 3(D).

Polyacrylate was designed as the material for optical guidance in place of glass. Thermal
deformation temperature was obtained at 93.9°C under 0.455 MPa (ASTM D648-07B). Furthermore,
an experiment involving skin and flesh of a pig was performed under optical guidance using the
created and modified medical device. Pig skin and flesh were successfully cut using the designed
modified medical device, as shown in Figure 5.
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Fig. 4. (A) The schematic diagram; (B) Photo of new designed head as a surgical scalpel in the modified medical device and
multiple stages for light scattering propagation.

Fig. 5. Pig skin cutting test using the medical device containing a head as a surgical scalpel was performed under optical
guidance.
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Table 1
The average number of the cell layers
Average number of cell layer

Negative control groups  3.66+ 0.21

1.10+0.13
Control groups -
Sample 3.71+£0.05
Table 2

Design of clinical evaluation table of carpal tunnel surgical procedure using the new optically guided medical device with a
scalpel and light-scattering modules

Before carpal tunnel surgical procedure After carpal tunnel surgical procedure

@A) , ®)

Suggesting Procedure: Time after carpal tunnel surgical procedure

3.3. Biological evaluation of medical devices

For commercialized reasons, some guidance must be considered, such as ISO 10993-1:2009(E) for
the biological evaluation of medical devices. Some results for the biological evaluation of the designed
optically guided medical device with a scalpel and light-scattering modules were employed in this
study (Table 1). The average number of cell layers was obtained and excellent biocompatible
properties were shown for the new medical equipment (Table 1). For specific clinic needs, the
electronic power could be applied to the scalpel module of the medical device.

3.4. Clinical evaluation of carpal tunnel surgical procedure with medical device

The clinical evaluation of carpal tunnel surgical procedures with the new light guided medical
device was studied by a design of clinical evaluation table of carpal tunnel surgical procedure. The red
part shown in Table 2(A) involves the muscular dystrophy position of carpal tunnel syndrome. The red
marks of sutures, as shown in Table 2(B), indicate the incision site of the new carpal tunnel surgical
procedure. Also, the “Suggesting Procedure before carpal tunnel surgical procedure” and “Time after
carpal tunnel surgical procedure” could be reported in the designed table.
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4. Summary

This study provided the novel design and fabrication of an optically guided medical device with a
light-scattering module for carpal tunnel syndrome repair. Furthermore, the study provided a
comparison of traditional carpal tunnel surgical procedure using surgical scalpels against the carpal
tunnel microscopic surgical procedure using the novel light guided medical device. Biological and
clinical evaluations were carried out, and the designed light-guided medical device proved to be a
powerful medical device for carpal tunnel syndrome and related applications.
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