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Objective: Robotic surgical systems
offer better workplace in order to

relieve surgeons from prolonged physical efforts and
improve their surgical outcomes. However, robotic sur-
gery could produce musculoskeletal disorders due to the
prolonged sitting position of the operator, the fixed posi-
tion of the console viewer and the movements of the
limbs. Until today, no one study has been reported con-
cerning the association between robotics and muscu-
loskeletal pain. The aim of this work was verify the
prevalence of musculoskeletal disorders among Italian
robotic surgeons. 
Material and methods: Between July 2011 and April
2012 a modified Standardized Nordic Questionnaire was
delivered to thirty-nine Italian robotic centres. Twenty-
two surgeons (56%) returned the questionnaires but only
seventeen questionnaires (43.5%) were evaluable. 
Results: Seven surgeons (41.2%) reported musculoskele-
tal disorders, by since their first use of the robot which
significantly persisted during the daily surgical activity
(P < 0.001). Regarding the body parts affected, muscu-
loskeletal disorders were mainly reported in the cervical
spine (29.4%) and in the upper limbs (23.5%). Six sur-
geons (35.3%) defined the robotic console as less com-
fortable or neither comfortable/uncomfortable with a
negative influence on their surgical procedures.
Conclusions: In spite of some important limitations, our
data showed musculoskeletal disorders due to posture
discomfort with negative impact on daily surgical activi-
ty among robotic surgeons. These aspects could be due
to the lack of ergonomic seat and to the fixed position of
the console viewer which could have produced an inade-
quate spinal posture. The evaluation of these postural
factors, in particular the development of an integrated
and more ergonomic chair, could further improve the
comfort feeling of the surgeon at the console and proba-
bly his surgical outcomes. 
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INTRODUCTION
The implementation of advanced robotic instruments
today offers operators minimally invasive options for a
wide range of complex surgical procedures (1-2). In fact,
the use of the robot allows the surgeon to operate on small
areas with an improved technical accuracy reducing the
size of the surgical wound and providing many advantages
in the postoperative recovery of the patient (3). As with all
the newer working technologies, robotic surgical systems
also offer better workplaces in order to relieve surgeons
from prolonged physical efforts and improve their surgical
outcomes (4). In fact, when using the robot, the surgeon
operates seated at the console with the arms and elbows
placed on a soft plane in order to allow free movement of
the wrists and fingers which grasp two master controls
located below the display. However, in spite of this more
comfortable workplace, compared to traditional surgical
approaches, robotic surgery can also produce many mus-
culoskeletal disorders due to the prolonged sitting position
of the operator who needs to maintain the image of the
operative area through a semi-vertically oriented binocular
viewer and adequately coordinate arm, wrist and lower
limb movements (5-9). To date, no previous study has
investigated the association between robotic surgery and
musculoskeletal pain, probably due to the recent introduc-
tion of this technology. The aim of this work is to verify,
using a specific questionnaire, the development of recur-
rent musculoskeletal disorders in a sample of Italian robot-
ic surgeons. 

MATERIALS AND METHODS
In the period between July 2011 and April 2012, a sim-
plified version of the validated Standardized Nordic
Questionnaire was prepared and delivered to thirty-nine
Italian robotic centers (10-11). The questionnaire
focused on the pain reported by the surgeon from the
beginning of his robotic experience and during his daily
robotic activity. In particular, the items took into consid-
eration the amount of robotic experience achieved by
each surgeon, the weekly use of the robot, the develop-
ment of any recurrent musculoskeletal pain during the
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robotic procedures and the possible influence of this
pain on daily surgical activity. Lastly, a self reported
ergonomic evaluation of the comfort feeling during
robotic surgery was also included. Twenty-two surgeons
(56%) returned the questionnaires. Five questionnaires
were excluded due to incomplete or inaccurate compila-
tion. In total, seventeen questionnaires (43.5%) received
from different Italian robotic centers were deemed evalu-
able (Table 1). In December 2011, all questionnaire data
were analyzed anonymously and statistically evaluated.

STATISTICAL ANALYSIS
The data was analyzed using the Median and 25th-75th

percentile for numerical variables and counts, and per-
centages for categorical variables were also reported. The
Fisher test was used in order to evaluate the association
between the development of pain from the first use of the
robot and its persistence during subsequent daily surgical
activities and the association between the comfort posture
and the development of musculoskeletal disorders.
A non-parametric Mann-Whitney test was performed to
evaluate any differences between groups with and with-
out musculoskeletal pain regarding the number of
months and hours per week spent at the robotic console. 
A p-value of 0.05 was considered statistically significant.
The analyses were performed using SPSS (version 18.0;
IBM Corporation).

RESULTS
The questionnaire data reported by the seventeen robot-
ic surgeons are shown in Table 2.
All of the surgeons were expert robotic operators and
none of them reported any musculoskeletal pain before
starting robotic surgery.
Seven operators (41.2%) declared having recurrent mus-
culoskeletal pain which started with the first use of the

robot, while six surgeons (35.3%) reported feeling pain
during their daily surgical activities. As regards the associ-
ation between these data, among the surgeons who report-
ed the onset of pain from the first robotic procedure, a sig-
nificant amount (85.7%) declared its persistence during
the following daily surgical activities (P < 0.001). 
Concerning the association between musculoskeletal
pain and the duration of robot use, although both the
median values related to the time spent from the first
robotic procedure and the weekly use of the robot result-
ed higher among those surgeons who declared muscu-
loskeletal pain, no statistically significant difference was
assessed between these data (Figures 1 and 2).
As regards the body parts affected by musculoskeletal
disorders, they were mainly reported in the cervical
spine (29.4%) and in the upper limbs (23.5%).
Concerning the self-reported ergonomic evaluation of
the comfort feeling during robotic surgery, six surgeons
(35.3%) defined the robotic console as less comfortable
or neither comfortable/uncomfortable with a negative
influence on the surgical procedures. With regard to the
association between comfort posture evaluation and the
development of musculoskeletal disorders, despite 8 out
of 10 surgeons who didn’t report any musculoskeletal
disorder defining the robot console as comfortable while
4 out of 7 surgeons affected by musculoskeletal pain

Number (n) 17
Age (years) 51.3 (32-61)
Gender Male 16/17 (94%)

Female 1/17 (6%)
Italian geographical area (n -%-) North-west 5/17 (29.6%)

North-east 6/17 (35.2%)
Middle 6/17 (35.2%)

Duration of robot use/Surgeon’s robotic experience
(months) 36 (12-63)
Weekly use of the robot (hours) 6 (5-7)
Weekly number of robotic procedures (n) 2.2 (2-3)
Robotic surgery (n -%-) Urology 12/17 (70.5%)

General surgery 4/17 (23.5%)
Gynaecology 1/17 (6%)

Concomitant standard laparoscopy (n -%-) 3/17 (17.6%) 

Table 1.

Surgeons’ characteristics. The data regarding the age,
duration of robot use and number of procedures are
reported as mean with range between parentheses. 

The data concerning the gender, geographical area and 
type of robotic surgery are reported as percentages.

Questionnaire N° of patients (%)
Musculoskeletal pain before the first robotic 
operation
No 17/17 (100%)
Yes 0/17 (0%)
Recurrent musculoskeletal pain since the first 
robotic operation
No 10/17 (58.8%)
Yes 7/17 (41.2%)
Recurrent musculoskeletal pain during daily 
surgical activity
No 9/17 (52.9%)
Yes 6/17 (35.3%)
Non-responders 2/17 (11.8%)
Body parts affected by pain*
Cervical spine 5/17 (29.4%)
Thoracic spine 2/17 (11.8%)
Upper Limbs 4/17 (23.5%)
Lower Limbs 1/17 (5.9%)
Lombar spine 1/17 (5.9%)
None 10/17 (58.8%)
Console posture evaluation
Less comfortable 2/17 (11.8%)
Neither comfortable nor uncomfortable 4/17 (23.5%)
Comfortable 11/17 (64.7%)
Interference with surgical procedures 
No 6/17 (35.3%)
Yes 6/17 (35.3%)
Non-responders 5/17 (29.4%)

Table 1.

Answers to the questionnaire items reported 
by the robotic surgeons. The data shows the number 

of patients with percentages in parentheses.

*: Each operator could mark more than one answer.



defined the robotic console as less comfortable or neither
comfortable/uncomfortable, no statistical association
(p = 0.16) was assessed between these two data.

DISCUSSION
Work related musculoskeletal disorders represent a fre-
quent problem among the general population with a
prevalence ranging from 13.5 and 47% (12-14). Many
studies have also investigated this aspect among the
health workforce showing musculoskeletal pain between
17-66%, 81.5-82.9% and 28-70% in dental operators,
open and laparoscopic surgeons, respectively (15-18).
Robotic surgical systems offer better workplaces which
should relieve surgeons from prolonged physical efforts
and decrease the incidence of musculoskeletal pain.
However, until today, no one study has been available in
literature concerning the association between robotic
surgery and musculoskeletal pain. The aim of this study
was to verify the development of recurrent muscu-

loskeletal disorders among surgeons who usually work
with this new and high-tech surgical system. We also
focused our attention on the robotic surgeons’ feeling of
comfort during the operations and the possible interfer-
ence of any discomfort on their daily surgical activity. In
our study, 41.2% of surgeons reported a recurrent mus-
culoskeletal disorder, mainly neck pain, which started
from the beginning of the robotic experience and sub-
stantially continued to impact negatively on the daily
surgical activity (p < 0.001). Furthermore, 35.3% of sur-
geons defined the robotic console as rather uncomfort-
able with a negative influence on the surgical procedures.
These data seem to point out the presence of some
ergonomic problems at the robotic workstation. Actually,
the correlation between the sitting working position and
the presence of musculoskeletal discomfort or neck pain
has already been reported in literature by many authors,
especially among those workers who need to maintain an
even gaze, only 20° below the horizontal line, for at least
one hour, like robotic surgeons (19-21). In fact, as rec-
ommended by the United States Department of Labor’s
Occupational Safety and Health Administration (OSHA),
a correct working sitting position requires many condi-
tions including an appropriate positioning of the upper
and lower limbs and a relaxed spinal posture with less
inclination of the cervical region and adequate lumbar
support (22). In spite of the fact that robotic workplaces
allow good positioning of the upper arms with alignment
of the forearms and hands, moderate relaxation of the
arms and shoulders and bending of the elbows between
90 and 120 degrees, they don’t provide similar attention
to the positioning of the spine or the lower limbs. In fact,
because a chair is not usually sold together with the
robotic console, surgeons often resort to using a simple
stool which doesn’t provide any support to the hips or
the lumbar spine (Figure 3). Furthermore, although all
the Da Vinci surgical systems provide the opportunity to
adapt the height of the console binocular viewer, only
the newest model also allows the surgeon to modify its
inclination, the height of the forearm supports and the
position of the pedals (23). In our study, none of the
robotic surgeons reported using this latest version of the
Da Vinci system and this aspect could contribute to
explaining the posture discomforts derived from the
questionnaire data. Further studies will certainly verify
the impact of the newest surgical robotic system on sur-
geons’ postural pain. However, a more correct design of
the sitting workstation remains a crucial point in order to
respect the posture of the spine and to reduce neck and
shoulder pain among people working with a protracted
or retracted head position (20, 24-26). As regards the Da
Vinci robotic system, an integrated and more ergonomic
seat could further improve the comfort of the surgeon,
thus minimizing the risk of musculoskeletal pain. 
This study has some important limitations: it is a retro-
spective, not comparative, study and it is based on a low
number of questionnaires. These aspects could decrease
the reliability of our statistical evaluation especially since
surgeons who reported musculoskeletal pain after robotic
surgery may have been more likely to join the study than
those who experienced no pain. This is mainly due to the
presence of few robotic centers in Italy and, in particular,
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Figure 1.

The figure shows the association between musculoskeletal
pain and the time spent from the first robotic procedure.

Figure 2.

The figure shows the association between
musculoskeletal pain and the weekly use of the robot.
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few surgeons who use the Da Vinci Robot regularly. In this
setting, the aim of this study was to present our prelimi-
nary data which strongly needs to be confirmed by a larg-
er study among all European robotic surgeons.

CONCLUSION
In spite of the new workplaces, our data showed recur-
rent musculoskeletal disorders and posture discomfort
with a negative impact on daily activity in 41.2% and
35.3% of robotic surgeons, respectively. These aspects
could be due to the lack of an ergonomic seat and to the
fixed position of the console binocular viewer which
could have produced an inadequate spinal posture with
consequent musculoskeletal disorders. The evaluation of
these postural aspects, in particular the development of
an integrated and more ergonomic chair, could further
improve the comfort feeling of the surgeon at the console
and probably his surgical outcomes.
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