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KEYWORDS Summary Background and aim: Traditional visualization techniques in microsurgery require
Microsurgery; strict positioning in order to maintain the field of visualization. However, static posturing over
Three-dimensional; time may lead to musculoskeletal strain and injury. Three-dimensional high-definition (3DHD)
Visualization; visualization technology may be a useful adjunct to limiting static posturing and improving er-
Ergonomics gonomics in microsurgery. In this study, we aimed to investigate the benefits of using the 3DHD

technology over traditional techniques.

Methods: A total of 14 volunteers consisting of novice and experienced microsurgeons per-
formed femoral anastomoses on male Sprague-Dawley retired breeder rats using traditional
techniques as well as the 3DHD technology and compared the two techniques. Participants
subsequently completed a questionnaire regarding their preference in terms of operational pa-
rameters, ergonomics, overall quality, and educational benefits. Efficiency was also evaluated
by mean times to complete the anastomosis with each technique.

Results: A total of 27 anastomoses were performed, 14 of 14 using the traditional microscope
and 13 of 14 using the 3DHD technology. Preference toward the traditional modality was noted
with respect to the parameters of precision, field adjustments, zoom and focus, depth percep-
tion, and overall quality. The 3DHD technique was preferred for improved stamina and less
back and eye strain. Participants believed that the 3DHD technique was the better method
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for learning microsurgery. Longer mean time of anastomosis completion was noted in partici-
pants utilizing the 3DHD technique.

Conclusions: The 3DHD technology may prove to be valuable in improving proper ergonomics in
microsurgery. In addition, it may be useful in medical education when applied to the learning
of new microsurgical skills. More studies are warranted to determine its efficacy and safety in a

clinical setting.

© 2014 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.

Introduction

Microsurgery is a unique surgical discipline, as it requires high
levels of technical expertise, fine motor movements, and
prolonged durations of static posturing. Microsurgical training
emphasizes proper ergonomics focusing on neutral body posi-
tioning, appropriate posturing with parallel positioning of the
legs to the floor, suitable limb support to reduce tremor, and
vertical alignment of the microscope with the head and neck to
prevent neck flexion." However, when improper techniques
are adapted, they can result in fatigue and strain. In severe
cases, suboptimal ergonomics can lead to career-limiting in-
juries. It has been reported that over 70% of plastic surgeons
reported musculoskeletal symptoms with an increased pre-
dominance of cervical and thoracic pain with microscope use.”
Therefore, novel strategies warrant investigation to enhance
proper ergonomics and comfort in microsurgery.

Currently, traditional methods of visualization include
magnifying loupes, head-mounted microscopes, and the stan-
dard operating microscope, all of which require the operator to
look strictly through the lens in order to maintain the field of
vision. In reference to the usage of loupes, it has been reported
that they lead to increased incidence in neck flexion in amyriad
of surgical displines.>“ It has been well established that neck
flexion >15—20 degrees produces significant fatigue of the
musculature in the neck.’ The United States Department of
Labor, Bureau of Labor Statics reports a strong correlation of
static posturing to the development of neck and shoulder
musculoskeletal disorders.® 3DHD visualization technology,
which projects a three-dimensional (3D) image onto a large flat
screen display, may prevent excessive neck flexion and static
neck posturing as the head can move freely during the opera-
tion without losing the field of vision. We hypothesized that the
3DHD system could reduce excessive strain and static
posturing, thus improving ergonomics in microsurgery.

The aim of this study was to compare the 3DHD micro-
surgery technology to the traditional operating microscope
with respect to operational parameters, musculoskeletal
strain, and overall quality outcome and preference based
on a survey of attending surgeons, residents, and medical
students. In addition, we aimed to evaluate the utility of
the 3DHD system as a surgical teaching aide.

Materials and methods

A total of 14 voluntary participants were recruited in the
study; four were attending plastic surgeons, six were
plastic surgery residents, one was a general surgery

resident, and three were medical students at the Keck
School of Medicine of University of Southern California
(USC). Experienced participants were those who had pre-
viously taken a formal course in microsurgery, which
included the four attending surgeons and three plastic
surgery residents. Novice participants were considered
those who had never taken a formal microsurgery course
and included three plastic surgery residents, one general
surgery resident, and three medical students. The experi-
enced participants were compared to the novice partici-
pants. Each participant performed a microsurgical end-to-
end anastomosis of the femoral artery in male Sprague-
Dawley retired breeder rats. One anastomosis was per-
formed using the Zeiss Opmi-MD (Carl Zeiss Meditech, Jena,
Germany) traditional microscope and the other with the
3DHD (TrueVisions Systems, Santa Barbara, CA, USA) cam-
era mounted onto the oculars of the same microscope. Prior
to the operation, each participant was randomized to
determine which visualization technique was to be used
first, making sure that there were equal numbers of par-
ticipants in each group. All participants were assisted by an
attending microsurgeon to ensure patency of the
anastomosis.

Male retired breeder Sprague-Dawley rats, weighing from
500 to 900 g, were housed at the vivarium at the USC under
standard conditions. All procedures were performed ac-
cording to guidelines of the Institutional Animal Care and
Use Committee at the USC. The animals were anesthetized
using pentobarbital for induction and a ketamine/xylazine
mixture for maintenance. The femoral artery was then
isolated using standard techniques’ and transected midway
between the inguinal ligament and the superficial epigastric
branch. Either a standard microscope or the TrueVision 3D
camera was attached to the beam splitter of the Zeiss Opmi-
MD in preparation for the vascular anastomoses. The image
from the 3DHD camera was projected onto two 46” JVC flat
panel 3D screens (Yokohama, Japan), which were placed
behind the surgeon so that it was visible to each surgeon.
Real-time adjustments were made to the TrueVision camera
and screen placement in order to optimize the image ob-
tained. The interrupted, end-to-end vascular anastomosis
was performed using 10/0 monofilament nylon suture. The
proximal and distal clamps were removed and patency was
determined by direct visualization of pulsatile flow. The rats
were monitored for 1 week to access for vessel patency via
direct visualization of the limbs prior to being euthanized.

Background information was obtained regarding the
participants’ level of training, prior microsurgery experi-
ence, general comfort with microvascular surgery, and the
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