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Abstract

Inadequacies exist in the ergonomics of upper body positioning of robotic surgeons; these deficits in biomechanical efficacy
predispose surgeons to musculoskeletal injury. Ergonomics and biomechanics may be objectively measured using the Rapid
Entire Body Assessment (REBA) and the Rapid Upper Limb Assessment (RULA) to quantify ergonomic efficacy. The
purpose of this study is to use validated ergonomic tools to assess the posture of robotic surgeons to examine deficiencies.
Four robotic surgeons using the da Vinci model were observed for a minimum of 30 min each. An Xbox connect camera was
positioned 10 feet away from the surgeon console. Kinetisense software measured position of the head, shoulders, mid-spine,
hips, and knees. One image was captured every 30 s. The software measured the positions in centimeters that deviated from
an ideal central postural line (plumb line). RULA and REBA were also employed to assess posture using a still image at
15 min. The average RULA score for the four surgeons was 4.75 (range 3—6). The average REBA score for the four surgeons
was 7 (range 5-8). The average RULA score of 4.5/7 and the average REBA of 7/15 qualify as medium risk with the recom-
mendation that action is needed to improve ergonomics. While this pilot study is limited in size, it demonstrates the need
for further investigation. With more than half of surgeons reporting musculoskeletal pain after robotic surgery (McDonald

et al. in Gynecol Oncol 134:243-247, 2014), poor posture may offer an explanation.
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Introduction

Robotic surgery is among the latest innovations in the
world of minimally invasive surgery and its application
only continues to grow. While the technological advance-
ment and software of robotic surgery continues to advance,
the ergonomics of use for the surgeon has not followed
suite. The ergonomics of the upper body in respect to
robotic surgery contains serious deficits that predispose
surgeons to musculoskeletal injury; with 61% of robotic
surgeons reporting physical discomfort after cases [1].
Wang et al. [2] conducted a study where 127 surgical
oncologists at MD Anderson were surveyed about occupa-
tional injury. 27.6% reported an occupational injury, 65.7%
of which received some form of treatment with 17.4% of
those treated requiring surgical intervention. Occupation
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ergonomics, especially in robotic surgery, plays a major
role in the physical well-being of surgeons and can lead
to lower volume of cases performed and threatens prema-
ture retirement due to potential musculoskeletal injury.
This concern is magnified when we find that the Ameri-
can Medical Colleges forecast a deficit of 41,000 general
surgeons by the year 2025, accounting for 33% of the total
physician shortage [3]. This is further worsened due to a
13% decrease in US medical students matching to general
surgery residency programs since 1994 [4]. Surgeons are
an invaluable asset to the medical field and with the short-
age becoming more prevalent, it is imperative to maximize
the productivity of surgeons and lengthen their careers
to provide invaluable care. One of the ways this can be
accomplished is by optimizing the ergonomics of the oper-
ating room especially in regard to robotic surgery. This can
be seen in other professions who have made it a priority
to monitor ergonomics and biomechanics using graded
tools to quantify ergonomic efficacy. Among these tools
is the Rapid Entire Body Assessment (REBA) or the Rapid
Upper Limb Assessment (RULA). Currently, over half of
robotic surgeons report physical discomfort after cases.
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Our hypothesis is that current ergonomics for robotic sur-
geons are poor which leads to physical discomfort after
performing these cases. The purpose of this study is to
assess posture and current ergonomics or robotic surgeons
using validated ergonomic tools in hope of being able to
shine a light on this problem and begin the discussion
on understanding the biomechanics of robotic surgeons to
provide a better solution moving forward.

Methods
Participants

Four general surgeons volunteered for this study: two
males and two females. All surgeons had no current his-
tory of lower back pain or had taken any sick leave due to
musculoskeletal pathology in the past 12 months. Exclu-
sion criteria include a history of scoliosis, spinal surgery,
vestibular disorders, lumbosacral/musculoskeletal pathol-
ogy, or neurologic diseases.

Data collection section

Four robotic surgeries using the da Vinci Xi model were
observed for a minimum of 30 min each: two cholecys-
tectomies, one partial colectomy, and one appendectomy.
An Xbox connect camera positioned 10 feet away from
the surgeon console was used to obtain the necessary data
points. Kinetisense software was used to measure positions
of the head, shoulders, mid-spine, hips, and knees to assess
posture. One image was captured every 30 s during the
entire 30 min that was recorded. The software measures
the positions in centimeters behind or in front of a central
line, also known as the plumb line (Fig. 1). The plumb
line is a validated tool used to assess posture [5]. It is a
midline sagittal plane that transverses the tragus of the ear,
the shoulder joint, the greater trochanter, and the lateral
malleolus. The software also provides normal values for
each joint position. As a secondary assessment of pos-
ture, we used the Rapid Upper Limb Assessment (RULA)
and Rapid Entire Body Assessment (REBA) to validate
the data collected above. The REBA [6] and RULA [7]
are validated tools that score both overall ergonomics and
upper limb ergonomics through the evaluation of different
joints, assessing risk and recommending changes based
on the risk. Both the REBA and RULA tools are similar
except for the RULA is better at measuring sitting objects.
For the REBA and RULA tool, a still image from the
15-min mark of the surgery was used to obtain data points.
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Fig. 1 Kinetisense image capture of robotic surgeon positions

Statistical analysis

A two-tailed  test to account for absolute value from the
plumb line was used for statistical analysis. The population
mean used was the value the software defines as average
for each joint (x). The null hypothesis is that the surgeons
head, shoulder, mid-spine, hip and knee positions are aver-
age or better. An alpha value of 0.05 was used, so that if
the p value is <0.05, this would indicate that the joint is
in a poor ergonomic position. Due to software errors in the
camera, values that were three standard deviations from
the mean were recorded. These represented objects in the
field other than the surgeon. These values are incompatible
with normal anatomy, so they were, therefore, discarded
and not incorporated into the analysis.

Primary posture assessment

An Xbox connect camera with the Kinetisense tool soft-
ware to measure the distance in centimeters from the
plumb line of different joints (as seen in Fig. 1) was used
for primary assessment of posture. Every 30 s, an image
was captured from the recorded video to obtain an image
and the program provides measurements of head, shoulder,
mid-spine, hip, and knee position.
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RULA Employee Assessment Worksheet
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This tool is provided without warranty. The author has provided this tool as a simple means for applying the concepts provided in RULA .

Fig.2 Rapid Upper Limb Assessment (RULA)

Secondary posture assessment

An image from the 15-min mark from the recorded video
was used to perform the Rapid Entire Body Assessment
(REBA) and Rapid Upper Limb Assessment (RULA) as
secondary tools to confirm our data. The RULA requires a
still image for evaluation. Joint positions are scored using
a series of charts. The score is used to assess the need for
improvement in ergonomic efficacy (Fig. 2). The REBA
(Fig. 3) is similar to the RULA but includes a lower body
assessment for standing subjects. Of note, the participants
are sitting when performing robotic surgery. Given the valid-
ity of both the REBA [6] and RULA [7] using both should
give the Kinetisense results perspective.
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Results
Kinetisense posture assessment

Normal values according to the Kinetisense tool are less
than 6 cm forward (FWD) or behind (BHD) midline for
the head position, less than 5 cm FWD/BHD for shoulder
position, less than 5 cm FWD/BHD for mid-spine position,
less than 4 cm FWD/BHD for hip position, and less than
2 cm FWD/BHD for knee position. Any value larger than
these is classified as poor posture. These will statistically
be used as the population mean.

Average Kinetisense postural assessment
Individually, male 1’s (DC) average head, shoulder, mid-

spine, hip, and back position were — 17 cm (SD=8.23 cm;
p value <0.00001), 6 cm (SD=7.56 cm; p value=0.02),
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REBA Employee Assessment Worksheet

Lasad an Tachnka note: Rapid Entire Body Assesament (REBA | Hgnett, Mokamney, Agpliad Ergonamics 31 (2000) 201 205

A. Neck, Trunk and Leg Analysis SCORES B. Arm and Wrist Analysis
Stepl Lo(ate \ed: Posmol Tabie A Sttp'! Locate LpperAmPosmol N
°'.' \ / . 1 2 3 3 ( \ |' ‘x
3 3 Legs — 90"
J 1[2[3]= 323 N _‘,_,___, l
j ., 2 (N 1 [1]2]3]a 3laf3]3]s]e < P \ 4590°
(O ! VA Trunk | 2 [2]3]4]s slela]s]s ;’ (
Posture | 3 4 6 617 6|7 IR
;5;11;,‘:.";4 # Nosk Sevre Score [a [3[5[6]7 HEBHE are’ ) # (| «
If 2ack is side bending: =) S |4]6)7]8 -1 £ d -] K Sap a: -\d;nu
Ifshmldun_niud +1 :
Stepl Locate Trunk Posmol Tabie Lower Am I =pper amm is abdacted: =1
n eterein B = If amm is supported or penioa is Jeaning: -1 Upper Arm
(\'l / 4,2/ ' 2 Score
8 ¢ ) / -e0° //?, \ e [— - 3 Steps Locate Lower Arm Position:
- (1
£ + (- m-- 1 1]2]3 x: 1 (g 2
J g
{1 =61 = E ez
Am 314 4 S &=
41 S 7 l T ( Lower Zome
Step 2a: Adjmst... s = s \ N g o
I£ mrank s twisted: +1 rmt&ac N . - '
If orunk is side beading: + 6|7 8 B
Step3: Legs 3008 A 1 o Step 9: Locate Wrist Position;.._,
/) i (acore S B \
\ { \ J\‘ l:] taind | ScOre B, gaive 8 vae scoupling score) 1 =g =
\ 1% | e/
\4/ \' L\ V| LegScere o lil2]slslsle]7]s] s s0f11]12] ey
( [/ /%) 1 [ala]s[2]3]3lalsle]z]z]7]| SwepdaAdue )
% f If wrist is bent from midline or twisted : Add +1
- (,: / 4 2 1f2]23]s]sa]sfsls|7]|7]s
+ / - "
L 2 Ada+2 3 2|3l3]3lalslelz]|7]s]sls Step 10: Look-up Posture Score in Table B
[ > == > 4 salalalsle]lzls]elsls]s Using values from steps 7-9 above, locats score in Table B
Step 4: Look-up Posture Score in Table A s lelafalelelsTelalololsls] guepa: Ada Coupting Sc Fm
Using values fom steps 1-3 above, locate wore in 5 slelelzlslelslsls0lwlwl o up 11 .OIP‘II_E ore . +
Table A L “tﬂﬁmg?&hndmdmgmgsp.ﬂ:*l
7 7177 ]e]s]|s|s |sofsofssfee] e Acceprabls but 20t :deal 2azd hold or couplng
k “Posre koA accoptable with another body part, Juir: +1
Step §: Add Force/Load Score + 8 sls|s|s|swofsofofio]so]es]ea] s Exnd bold zot accoptable bt possible. poor:+2 — ~1
gm:”].lo:?; 1-;‘0 +1 El 3lslsliolic Lkl Rl Rk .\'ohﬂﬂnAnhvd.wumhu.ybod_\'m —_—
Adme 1o o ‘Q.tﬂ e o P Step 12: Score B, Find C ‘xmlu‘l‘:‘%"“g:.;
£ thock of + | I = = : Score B, olumn in Table
Adjmst If shock or rapid build up of force: add +1 T :; 11 nln 11]12]12 12]12]12]12] 12 Aup‘.mim‘*‘ 10 &11 % Q
- z S— 12]12j12ji2]92 12]a2)92)92 12 Score B. Find columsa in Table € and match with Scors A in
Step 6: Score A, Find Row in Table C
Add values fom steps 4 & 5 to obtain Score A. row from step 6 to obeain Table C Scare.
Find Row iz Table C. ) ’ I + l I e 1 Aclilly Scase
Scoring: vk +1 1 o more body pasts are held for Jonger than 1 minute (static)
;‘9_ o T&ItCSeon\‘ /Achw!yScon by bamishgesosyshans iy sk
2003 = low risk, change may be needed +1 Acton camses rapid large range changes in postazes or unstable base
4107 = medium risk, further investigation, change soon
8 to 10 = high risk, investigate and implement change Final REBA Score
11+ = very high risk, implement change
Task name: Reviewer: Date: provided by Pracecal Ergonomics

Thes tood is provided without warranty.  The suthor Ras provided s tool 25 3 ssmple means for applying the concepts provided in RESBA .

Fig. 3 Rapid Entire Body Assessment (REBA)

—15.5 cm (SD=2.51 cm; p value <0.00001), —8.5 cm
(SD=3.54 cm; p value <0.00001), and 7.5 cm
(SD=2.11 cm; p value <0.00001), respectively; male 2’s
(SM) average head, shoulder, mid-spine, hip, and back posi-
tion were —9.5 cm (SD =14.89 cm; p value <0.00001),
7 cm (SD=11.34 cm; p value=0.65), —5.5 cm
(SD=13.14 cm; p value <0.00001), —6 cm (SD=12.22 cm;
p value =0.00007), and 16 cm (SD=9.25 cm; p
value =0.00354). Female 1’s (RD) average head, shoulder,
mid-spine, hip, and back position were — 20.81 cm (SD =
3.28 cm; p value < 0.00001), — 3.53 cm (SD = 3.58 cm; p
value < 0.00001), — 17.12 cm (SD = 3.46 cm; p value <
0.00001), — 11.53 cm (SD = 4.22 cm; p value < 0.00001),
and 21.29 cm (SD = 6.29 cm; p value < 0.00001), respec-
tively. Female 2’s (RA) average head, shoulder, mid-spine,
hip, and back position were — 4.5 cm (SD = 5.15 cm; p value
< 0.00001), 10.5 cm (SD = 7.77 cm; p value < 0.00001),
— 6.5 cm (SD = 5.05 cm; p value = 0.00069), — 14.5 cm
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(SD = 10.53 cm; p value = 0.01409), and — 7.5 cm (SD =
10.02 cm; p value = 0.007), respectively.

RULA and REBA

The average RULA score for the four surgeons was 4.75.
The scores ranged between 3 and 6. According to the RULA
assessment tool (Fig. 2), a score of 1-2 is acceptable pos-
ture, 3—4 requires further investigation and change may be
needed, 5-6 further investigation and change soon, and 7
investigate and implement change immediately.

The average REBA score for the four surgeons was 7.
The scores ranged between 5 and 8. According to the REBA
assessment tool (Fig. 3), a score of 1 is negligible, 2-3 is low
risk, 4-7 is moderate risk, and 8-10 is high risk. Above 10
is considered extremely high risk.
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Table 1 Average Kinetisense postural assessment

Surgeon Average head Shoulder Mid-spine Hip Back position
Male 1 (DLC) —17 cm 6 cm —15.5cm —85cm 7.5 cm

SD=8.23 cm SD=7.56 cm SD=2.51 cm SD=3.54 cm SD=2.11 cm

p value <0.00001 p value=0.02 p value <0.00001 p value <0.00001 p value <0.00001
Male 2 (SM) —-9.5cm 7 cm —-5.5cm —6cm 16 cm

SD=14.89 cm SD=11.34cm SD=13.14 cm SD=12.22 cm SD=9.25cm

p value <0.00001 p value=0.65 p value <0.00001 p value=0.00007 p value=0.00354
Female 1 (RD) —20.81 cm —-3.53cm —17.12 cm —11.53 cm 21.29 cm

SD=3.28 cm SD=3.58 cm SD=3.46 cm SD=4.22cm SD=6.29 cm

p value <0.00001 p value <0.00001 p value <0.00001 p value <0.00001 p value <0.00001
Female 2 (RA) —4.5cm 10.5 cm —6.5cm —14.5cm —-7.5cm

SD=5.15cm SD=7.77 cm SD=5.05cm SD=10.53 cm SD=10.02 cm

p value <0.00001 p value <0.00001 p value =0.00069 p value=0.01409 p value=0.007

Discussion

This study was designed to assess the need for further inves-
tigation into the kinematics of robotic general surgery and
to shine light on an issue that plagues this community. The
data collected by Kinetisense confirms (Table 1) that each
of the participants had poor ergonomic posturing. On aver-
age each individual surgeon had poor posture in each of the
five categories according to the Kinetisense assessment tool.
Individually, the surgeon’s average posture was poor with
only one surgeon (RA) having acceptable head posture at
—4.5 cm (p=0.65). The other joint positions of all indi-
vidual surgeons were extremely poor with p value <0.05.
The Kinetisense software gives hard data on the joint
position of individuals which is extremely valuable but
not widely used. Therefore, the RULA [6] and REBA [7]
tools which are validated and widely used were utilized as
a secondary assessment and comparison to the Kinetisense
tool. The RULA and REBA are scored systems that look
at the angles and positions of different body parts to assess
the need for ergonomic quality improvement. The RULA
focuses on the upper body and is good for sitting subjects.
The REBA is used to assess the entire body. The average
RULA score was 4.5/7, which recommends further investi-
gation and suggests that change may be needed. The aver-
age REBA score for the group was 7/15, which qualifies
as medium risk and falls under the recommendation that
action is needed to improve ergonomics. Although the total
score of 15 includes the lower body assessment (i.e., knees,
legs) which were made to assess a standing individual, this
lower body assessment is not relevant due to the surgeons
being seated and indicates that a score of 7 may actually be
an underestimation of the overall score. Our surgeons were
sitting, so the lower extremity portion of the REBA was
given scores of zero. This assumes that the lower posture is
perfect and did not contribute to the average of 7. At best,
the average score is 7 which is at the higher end of medium
risk. The need to improve ergonomic quality is necessary

and these validated tools support the data from the Kineti-
sense software.

The Kinetisense tool was easy to use but had its limita-
tions. The camera would capture objects in the field of view
other than the surgeon giving some values that are outside
the scope of normal human biomechanics. To account for
these outliers, if any value was more than three standard
deviations from the mean then they were discarded from
the data set. More accurate cameras and software exist but
for the funding allowed for this pilot study, this software
was the best available. This may be an area of improvement
in future studies with larger sample sizes. The data are still
promising because the RULA and REBA are validated ergo-
nomic assessment tools that support the findings from the
Kinetisense software.

Another limitation is the size of the study. While this
study is limited to four participants, the goal is to show the
possibility of a need for further investigation. With more
than half of surgeons reporting musculoskeletal pain after
robotic surgery [1], poor posture and biomechanics may
offer an explanation. There are many studies that investi-
gate musculoskeletal disorder in dentists but with the general
laparoscopic robotic surgery only being FDA approved as
recently as the year 2000, there is need to assess the risk to
surgeons using this technology. While the technology and
the advantage that robotic surgery brings to patient care
are noticeable, it lacks in proper ergonomic positioning for
the surgeon. This technology is being incorporated more
and more into the surgical world, making it imperative to
improve the risk it poses to surgeons. The hope is that this
study will open the door for innovations and improvements
in ergonomics which may prolong the careers of our fellow
surgeons.
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