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Abstract. Despite current progress made in the design and development of
surgical instruments, nowadays surgeons report ergonomics risks related to open,
laparoscopic, and robotic procedures. A recent study carried out by Stanford
University Medical Center (SUMC) claims that nearly 61% of surgeons have
reported ergonomic symptoms, and of this population, 55.4% attributed the symp‐
toms to laparoscopic surgery, 36.3% to open surgery, and 8.3% to robotic surgery.
The most of studies performed in ergonomics and surgical procedures analyze
the following elements: (a) disposition of different elements used during laparo‐
scopic procedures, (b) musculoskeletal symptoms, or (c) ergonomic assessment
of postural load. However, it is important to mention that in South America, and
specifically in Ecuador, few studies exist that solely analyze in a general way the
ergonomic risk due to postural load. On those grounds, in this paper we present
a study that is aimed on determining the risks experienced by surgeons in lapa‐
roscopic surgeries due to problems related with ergonomic factors, in Cuenca,
Ecuador. To analyze the risks factors, we have used an approach that combines
the anthropometric characteristics of surgeons and the evaluation of the operating
room design.

Keywords: Ergonomics · Laparoscopic surgery · Anthropometric
characteristics · Postural risk level · Musculoskeletal symptoms

1 Introduction

Nowadays, the technological advances in the medical area allow doctors conduct
surgeries with the support of advanced surgical instruments, despite the low adaptation
level of these instruments to surgeons’ requirements. In the same way, it is important to
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bear in mind that a laparoscopic surgery is an operation that requires a high level of
precision on the surgeon´s side, and can lead surgeons to adopt forced positions during
the surgery. In this line, the ergonomics’ objective is to improve working conditions,
trying to avoid health problems due to postural load as well as contributing to improve
the employees comfort and their work efficiency. However, in the medical area (espe‐
cially in Ecuador), there is currently a lack of ergonomics principles application in
several areas.

The surgeons are professionals considered in the group that present a high risk of
suffering musculoskeletal diseases due to working activities (whose symptoms are
closely related with physical efforts) [1].

According to the VI National Survey about Working Conditions, in Spain 74.2% of
workers feel some musculoskeletal discomfort in the lower back and neck due to
working postures and efforts [2].

In the same line, according to research presented by Adams et al. in 2013, more than
70% of surgeons have presented musculoskeletal discomfort during laparoscopic
surgeries. Likewise, this study claims that it is important to relate surgical activity and
neck pain (43%) and wrists (31%) [3].

Similarly, Perez et al. claim in their study that surgeons present static neck and trunk
postures, situation which produces inadequate movements of superior limbs. Likewise,
according to the authors a surgeon maintains a vertical posture without mobility and a
lower balance and weight distribution along his/her body (in comparison with open
surgeries) [4].

Despite the several advantages of laparoscopic surgery, it commonly reduces the
freedom of movements and forces surgeons to adopt difficult body postures during rela‐
tively long periods. This situation reduces the surgeons’ performance as well as their
precision during the surgeries.

For these reasons, in this paper we present a complete study that is aimed on deter‐
mining the risks experienced by surgeons in laparoscopic surgeries due to problems
related with ergonomic factors, in Cuenca, Ecuador. With the aim of performing an
appropriate analysis of risk factors, we have used an approach that combines the anthro‐
pometric characteristics of surgeons and the evaluation of the operating room design.

The rest of the paper is organized as follows. Some relevant researches related with
laparoscopic surgery and ergonomics are presented in Sect. 2. The study that we have
carried out in Cuenca, Ecuador is depicted in Sect. 3. Section 4 describes the main
findings and results of our research. Finally, Sect. 5 presents some ideas for discussion
and future work.

2 Laparoscopic Surgery and Ergonomics: A Brief Overview

Nowadays, the laparoscopic surgery, also called Minimally Invasive Surgery (MIS), has
been adopted by several medical-surgical specialties. However, despite the advantages
that MIS presents for patients, the surgeon commonly suffers from mental fatigue as well
as musculoskeletal disorders. Therefore, it is of great interest in analyzing the surgery
environment/conditions and conducting a complete study in terms of ergonomics.
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Miller et al. have carried out a study about ergonomics and fatigue levels experienced
by 61 surgeons during their activities in the operation room. The results show that 100%
of participants have suffered at least one musculoskeletal disorder due to laparoscopic
surgeries, being neck and back the most affected areas [5]. Commonly, the management
of laparoscopic instruments is performed by the principal surgeon with his eyes fixed
on the video monitor (in a static position), standing, with limited working space, with a
high concentration level and with abducted arms.

Therefore, some studies indicate that there is a relationship between the time required
to perform the surgical activity and the pain experienced in the neck and hands [6].

During laparoscopic surgery, the surgeons adopt static positions (in comparison to
open surgery). This situation occurs due to: (a) the requirement of using bidimensional
vision to perform the operation, (b) the available instrument is less effective, and (c) the
visual-motor coordination causes mental fatigue [7].

The musculoskeletal disorders suffered by surgeons are due to difficulty to remain
in a neutral position during the laparoscopic surgery. This circumstance occurs because
the workstation design does not consider an appropriate relation between the surgeon,
his/her needs, and the following elements: design of surgical instrumental, video monitor
position, foot pedals (to control diathermy), operating table height, and static postures
adopted by staff [8].

The neck pain is one of the most common problems registered after the arrival of
laparoscopic surgeries [9]. Given that the surgeons must be in a standing position during
long periods, they require performing a major muscle effort that can produce disorders
in low back as well as tension in the shoulders. In long periods, the static postures are
more harmful than dynamic postures, given that they produce lactic acid and toxin
accumulation in the muscles and tendons [10].

Other studies claim that 73% of surgeons report physical inconveniences during MIS
in areas than involve neck, low back, shoulders and thumbs. This situation is due to three
factors: incorrect setting of the height of the operating table, incorrect location of video
monitor, and inadequate design of the equipment (instrumental) [11]. Likewise,
Gutierrez et al. used the Rapid Entire Body Assessment (REBA) in a study with 33
principal surgeons to confirm that 91% of them present medium risk level, hence action
and investigation is needed [1].

With the above mentioned, an approach to improve forced postures that generate
low risk mainly depends on an ergonomics principle: the anthropometry. This principle
is related with the workstation design, and its aim is to adjust the MIS to the surgeon
skills and limitations, not otherwise. This principle defines the guidelines that allow
improving the quality of surgeon’s working environment, avoiding forced postures and
reducing surgery time, since it is possible to count with appropriate instrumental and
equipment. However, the surgeons are not aware about ergonomics guidelines as well
as how to put them in practice [7].
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3 Ergonomics and Laparoscopy: A First Approximation to
Ecuadorian Reality

The study that we have carried out in this research is observational and descriptive cross-
sectional, and was carried out in a tertiary referral hospital. We have analyzed seven
principal surgeons during laparoscopic cholecystectomy, because the historical data of
the hospital shows that this kind of MIS corresponds to 65% of total surgeries performed
per year.

Below we will describe the different methodologies applied in this study, considering
surgeons and operating room.

3.1 Musculoskeletal Symptomatology Analysis Procedure

With the aim of determining the data referring to musculoskeletal symptoms, we have
used the Nordic Musculoskeletal Questionnaire [12, 15]. Each questionnaire was
directly applied to each surgeon through an interview. To carry out this process, we
asked doctors to sign the informed consent form, and all personal data was removed to
keep people’s anonymity. With the aim of performing a statistical analysis, in the
following stage we collected data about pain, fatigue or discomfort in several surgeons’
body areas related with MIS.

3.2 Postural Load Analysis Procedure

After performing the musculoskeletal symptomatology analysis, we have proceeded to
analyze the postural load of each surgeon through REBA method [13]. For this target,
we have carried out the following tasks:

• In order to analyze the surgeons’ postural load we have made a real-time video
recording, considering the visual field (during the entire recording). Our goal was to
observe the different movements performed by surgeons on both upper extremities
(left and right sides).

• Each video recorded allowed us to make a detailed analysis of each posture adopted
by each surgeon during the MIS. On this basis, we have selected the most relevant
observations of the higher postural loads (those that can produce or exacerbate
musculoskeletal disorders in surgeons).

• After selecting the risk postures for each surgeon, we have determined the angles that
were formed through the following body segments: Group A (trunk, neck and legs)
and Group B (arm, forearm and wrists). These groups are considered for the different
postures of the body (to later obtain the level of risk by postural load).

3.3 Procedure for the Analysis of the Workstation Design (Operating Room)

In this procedure, direct observations of the operating room and their components (video
monitor, operating table, instrumental and foot pedal) have been made (Fig. 1). Below
we describe the main analysis performed by our team:
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• The adaptability and adjustment of each element (according to its design) to
surgeon’s needs were determined. To achieve this goal, we have analyzed the
elements’ sizes (width, height and depth as well as the maximum and minimum height
on which can set).

• The operating room in which were performed the different studies. As it can be seen,
this figure describes the main characteristics of the elements that belong in the oper‐
ation room as well as medical team location.

• The disposition and position of the elements that are part of the operating room are
closely related with the cholecystectomy and were analyzed with the target of deter‐
mining whether the position is adjustable or can be modified according to surgeon’s
needs.

Fig. 1. The operating room in which were performed the different studies. As it can be seen, in
this figure are described the main characteristics of elements that belong to operating room as well
as medical team location.

3.4 Procedure for Taking Anthropometric Measurements

With the objective of suggesting an appropriate workstation design for the surgeons, we
have taken anthropometric measurements of each analyzed surgeon. The anthropometric
variables considered in the analysis are the following: acromial-radial, radial-styloid,
shoulder-to-floor height (stand position), height of eyes to floor (stand position), height
of elbows of floor, knuckle height (to floor) with clenched fist, width and length of hand,
width and length of foot, maximum and minimum horizontal reach with grip and wingspan.
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The anthropometric measures were collected through an anthropometric proform
taking into account three measurements of each anthropometric variable. From the three
measures analyzed, the median was taken as the final measure for calculating percentiles
(P5, P50 and P95), using STATA (Data Analysis and Statistical Software) [14].

4 Results

In this section the main findings of our research are described, considering the following:
symptomatology presented by surgeons, and the different elements that constitute the
operating room (operating table, surgical instrumental, video monitor, foot pedals),
postural load, and anthropometric measurements.

4.1 Symptomatology

We have analyzed seven surgeons, which have the following characteristics:

• They average age is 43 ± 9 years (43% corresponds to ages between 31–38 years)
and the average weight is 68 ± 9 kg

• The dominant hand is the right (in the 100% of cases)
• Most of the surgeons are men (86%)
• The experience of surgeons is between 5 and 20 years

The prevalence of symptoms of musculoskeletal disorders related with laparoscopic
surgery is 100%. After the performing the analysis, we have determined that the body
area that presents more pain and discomfort is the neck (in all cases). Likewise, the lower
back is another area with high level of prevalence of pain, with 71%, followed by
shoulders and wrists with 57% (Fig. 2).

4.2 Workstation Design (Operating Room)

Below we describe analysis about the different elements that are part of operation room:

• Operating table: is located on the center of operating room and has a device controlled
remotely to adjust its height from 79 to 122 cm. At this height, it is important to
consider that patient’s thorax thickness is between 30 and 45 cm. The working area
of the operating table is 167 cm × 53 cm.

• Surgical instrumental: Surgical instrumental (grasper, scissors, needle holder,
cautery hook, stapler) used during surgery have a two-finger ring clamp mechanism
with scissor-type handle and clamp-type (pinch grip) for the cautery hook. This grip
is poor (possible but not acceptable) because of this type of grip, there is compression
at the points of contact and visible in the phalangeal metacarpal joint of the index
finger, compromising the fine musculature. These instruments are characterized by
being large with respect to its length, which goes on an average of 34 cm–37 cm and
weighing less than 5 kg. The instruments are placed on the instrumentation and mayo
tables and have a height of 0.89 m and 0.94 m, respectively. The instruments are
located at the foot of the operating table to the right of the scrub nurse.
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• Video monitor: has a dimension of 0.64 m by 0.39 m and is located on the laparoscopic
tower. The image projected in the video monitor is in two dimensions (high defini‐
tion) and has the possibility of adjusting the height and has three degrees of freedom
(axis x, y, z). The height of video monitor is adjustable from 0.65 m to 1.78 m.

• Pedals for the diathermy system: the pedal to control diathermy system is located at
the right side of principal surgeon (above ground level) and does not have anti-slip
material. The dimensions of pedal are 0.093 m by 0.064 m.

After monitoring the four main elements that are involved in the cholecystectomy,
we have noticed some surgeons have used a step due to their short height. This step has
the following dimensions: 0.78 m by 0.36 m by 0.205 m.

In the same way, we have noticed that the working area of the principal surgeon it
is not adequate due to the closeness of the camera-man to him/her. This situation reduces
the freedom of movement of surgeon given that the arm of the assistant is below the
surgeon’s arm.

4.3 Postural Load

In our study we analyzed 70 postures for each body side during the dissection phase of
the cholecystectomy process with an average time of 58 ± 13 min and an interval of 40–
75 min (without taking into account preparation or closure times).

Fig. 2. The different parts of the body and the level of discomfort that is present in each one of
them.
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The different postures have considered in two groups (for left and right sides): Group
A (trunk, neck and legs) and Group B (arm, forearm and wrists). As it can be seen in
Fig. 3, Group A presents the following results: the neck is between 0° and 20° of flexion
in 66% of the cases, the neck shows torsion fit in 99% of the postures, the trunk is between
0° and 20° of flexion in 99% of cases, the trunk has torsion adjustment in 97% of total
postures with bilateral support of legs (in 100% of the cases).

Fig. 3. Postural evaluation of the different parts of the body, Group A.

The Group B is the most affected due the following results (Figs. 4 and 5): 29% of
postures have the right arm flexed between 45° and 90° and 26% between 20° and 45°
whereas for the 66% of postures the left arm is flexed between 0° and 20°. Likewise, it
can be seen that in all postures the task is performed with the arms abducted in both the
left and right limbs as well as the shoulder is elevated in 57% of the total surgeons. In
the 74% of postures, the right forearm it is flexed in an angle less than 60° or greater
than 100° whereas in the 66% of cases the left limb is flexed between 60° and 100°.
Moreover, the wrist is flexed in an angle greater than 15° in 81% of cases for the right
arm, as long as for the left arm is in 56% and the lateralization of the wrist in all positions
analyzed. In this evaluation, it was possible to determine that the grip is poor, possible
but not acceptable, because of the used instrumental at workstation (this situation
produces an adjustment in the final score).

Finally, it is important to remark the following conclusions that we have reached
after carrying out the postural analysis:

• There is a trend in which it can be observed that the body segments of Group A mostly
remain static because the surgical process requires it.

• The level of risk is in the range of 5 to 10, which is considered between medium and
high (for the right limb is high in all cases).

• For the left limb, the risk level is considered medium for the 64% of cases.
• In both cases, left and right limbs, it is required an investigation and implement

changes in postural conditions and ergonomics
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4.4 Anthropometric Measures

The measures of the elements that are part of the analyzed operating room and the
adjustment ranges with respect to the determined percentiles that must be taken into
account for the design of the work place (operating room) are shown in Table 1.

Fig. 4. Postural evaluation of the different parts of the body, Group B.

Fig. 5. Postural evaluation of the different parts of the body, Group B.
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Table 1. Measures of the operating room elements and its relation with the percentiles for an
adequate adjustment range.

Operating room
element

Measure (cm) Anthropometric
variable

Percentile Adjustment range
(cm)

Height of the video
monitor to the top
edge

104–217 Eyes-floor distance P5-P95 141.03–166

Height of the
operating table plus
the thickness of the
patient’s thorax.

79–122 + 30–45 Elbows-floor
distance

P5-P95 93.10–113.95

Surgical instruments Poor grip Hand width P95 8,94
Hand length 19,22

Width and deep of
diathermy pedal

9.3 × 6.4 Foot width P95 9,72
Foot length 26,16

Width and depth of
the working plane
(operating table)

53 × 167 Maximum horizontal
reach with grip.

P5 75,45

Minimum horizontal
reach with grip.

28,05

Wingspan 128,34

5 Discussion

In this paper, we have presented a study of postural risks presented by principal surgeon
during the practice of cholecystectomy surgeries. This analysis was carried out consid‐
ering the operating room design as well as the musculoskeletal symptomatology present
in each doctor.

In the same way, it is important to mention that our study follows the general guide‐
lines proposed by other experts and establishes the support to develop future research
process related with laparoscopic surgeries. Currently, the MIS are highly requested due
to the advantages that they present against traditional surgeries. Therefore, applying
ergonomics criteria in the area of MIS allows to obtain important improvements as to
reduction of postural risk, efficiency during surgery, and mitigation of musculoskeletal
conditions.

Although in several researches, guidelines have been proposed about ergonomics
and medical area, currently in several countries (especially in developing ones) the
surgeons do not apply properly these guidelines and recommendations. Likewise,
several surgeons continue adopting wrong postures or bad positioning surgical instru‐
ments, even though the surgical equipment can be easily adapted to the surgeon.

Therefore, it is very important adjusting the operating room elements according to
ergonomics guidelines, e.g., using steps or platforms with the aim of adjusting the oper‐
ating table according floor elbow height.

It is key to remark that the correct positioning of the monitor, height of the surgery
table, design of the surgical instruments and position of the pedal play a very important
role in the performance of the surgeon’s work and are directly related to the postures
that he or she adopts.
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