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IMPORTANCE Despite rapid adoption of the robotic platform for inguinal hernia repair in the
US, to date, no level I trials have ever compared robotic inguinal hernia repair to laparoscopic
repair. This multicenter randomized clinical trial is the first to compare the robotic platform to
laparoscopic approach for minimally invasive inguinal hernia repair.

OBJECTIVE To determine whether the robotic approach to inguinal hernia repair results in
improved postoperative outcomes compared with traditional laparoscopic inguinal hernia
repairs.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, single-blinded, prospective
randomized clinical pilot study was conducted from April 2016 to April 2019, with a follow-up
duration of 30 days in 6 academic and academic-affiliated sites. Enrolled in this study were
113 patients with a unilateral primary or recurrent inguinal hernia. After exclusions 102
remained for analysis.

INTERVENTIONS Standard laparoscopic transabdominal preperitoneal repair or robotic
transabdominal preperitoneal repair.

MAIN OUTCOMES AND MEASURES Main outcomes included postoperative pain, health-related
quality of life, mobility, wound morbidity, and cosmesis. Secondary outcomes included cost,
surgeon ergonomics, and surgeon mental workload. A primary outcome was not selected
because this study was designed as a pilot study. The hypothesis was formulated prior to data
collection.

RESULTS A total of 102 patients were included in the study (54 in the laparoscopic group,
mean [SD] age, 57.2 [13.3] years and 48 [88.9%] male; 48 in the robotic group, mean [SD]
age, 56.1 [14.1] years and 44 [91.6%] male). There were no differences at the preoperative,
1-week, or 30-day points between the groups in terms of wound events, readmissions, pain
as measured by the Visual Analog Scale, or quality of life as measured by the 36-Item Short
Form Health Survey. Compared with traditional laparoscopic inguinal hernia repair, robotic
transabdominal preperitoneal repair was associated with longer median (interquartile range)
operative times (75.5 [59.0-93.8] minutes vs 40.5 [29.2-63.8] minutes, respectively;
P < .001), higher median (interquartile range) cost ($3258 [$2568-$4118] vs $1421
[$1196-$1930], respectively; P < .001), and higher mean (SD) frustration levels on the NASA
Task Load Index Scale (range, 1-100, with lower scores indicating lower cognitive workload)
(32.7 [23.5] vs 20.1 [19.2], respectively; P = .004). There were no differences in ergonomics of
the surgeons between the groups as measured by the Rapid Upper Limb Assessment
instrument.

CONCLUSIONS AND RELEVANCE Results of this study showed no clinical benefit to the robotic
approach to straightforward inguinal hernia repair compared with the laparoscopic approach.
The robotic approach incurred higher costs and more operative time compared with the
laparoscopic approach, with added surgeon frustration and no ergonomic benefit to
surgeons.
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M inimally invasive inguinal hernia repair was first de-
scribed by Ger1 in 1991 using a laparoscopic tech-
nique. A seminal article by Neumayer et al con-

cluded that open inguinal hernia repair is superior to the
laparoscopic approach,2 yet laparoscopic inguinal hernia re-
pair has developed a reputation for shorter recovery time,
equivalent recurrence rates, and lower incidence of short-
term and long-term pain than open Lichtenstein repair in other
modern series and current international guidelines.3 Addi-
tional costs associated with the laparoscopic technique are also
thought to be offset by less-easily quantified benefits such as
earlier return to work.3

Robotic inguinal hernia repair, previously outlined in uro-
logic literature4 but first described in general surgery litera-
ture by Dominguez et al in 2015,5 has emerged as an alterna-
tive approach to minimally invasive inguinal hernia repair.
Purported benefits of robotic inguinal hernia surgery include
decreased postoperative pain related to suturing mesh for fixa-
tion (as opposed to tack fixation in traditional laparoscopic re-
pair), and improved surgeon ergonomics (body positioning and
use of limbs during surgical procedures) during one of the most
common procedures performed by general surgeons.

Even with a seemingly rapid adoption of robotic technol-
ogy for this technique in the United States, to date, no pro-
spective head-to-head trials have been performed comparing
laparoscopic and robotic transabdominal preperitoneal (TAPP)
inguinal hernia repair to investigate relevant outcomes such
as postoperative pain, recurrence, cost, and surgeon work-
load and economics. We hypothesized that the robotic ap-
proach to inguinal hernia repair would result in improved post-
operative outcomes compared with traditional laparoscopic
inguinal hernia repairs. Here, we present findings from a mul-
ticenter prospective randomized pilot study designed to ad-
dress these questions.

Methods
Because data on postoperative pain, quality of life, surgeon
ergonomics, and costs associated with robotic inguinal her-
nia were unavailable at the time that this trial was designed, a
reasonable power calculation was not possible. Therefore, this
study was designed as a patient-blinded prospective random-
ized clinical pilot study. The trial protocol is available in Supple-
ment 1. After obtaining approval from all appropriate institu-
tional review boards, between April 2016 and April 2019, a pilot
study design enrolling 102 patients with an additional 10% en-
rollment for anticipated dropouts were randomized to either
laparoscopic or robotic inguinal hernia repair (Figure 1).
Patient consent was informed and written and obtained in
person. Patients received no compensation. Six sites partici-
pated in enrollment, including Cleveland Clinic, Cleveland,
Ohio; Mount Sinai Hospital, New York, New York; Washing-
ton University in St Louis, St Louis, Missouri; New Hanover
Regional Medical Center, Wilmington, North Carolina; Green-
ville Health System, Greenville, South Carolina; and Medical
College of Wisconsin, Milwaukee. All participating surgeons
were required to have previously performed a minimum of 25

robotic and 25 laparoscopic procedures to be eligible to par-
ticipate, and all operations were performed in their entirety
by attending surgeons. All operations were performed using
the transabdominal preperitoneal approach (TAPP). To allow
for appropriate scheduling of robotic cases, patients were ran-
domized to a treatment group by our study research coordi-
nators (H.A., L.T., and A.F.) at the time of preoperative evalu-
ation based on preoperative Visual Analog Scale (VAS) pain
scores (score range, 0-100, with 0 indicating no pain and 100
indicating the worst possible pain). The randomization was per-
formed using a random number of blocks with 1:1 ratio of as-
signing patients to each group. Patients were blinded to their
interventions. Patients in each cohort were matched for age,
sex, body mass index (BMI), and medical comorbidities to mini-
mize confounding variables. A primary outcome was not se-
lected because this study was designed as a pilot study. The
hypothesis was formulated prior to data collection. Second-
ary outcomes include cost, surgeon ergonomics, and multidi-
mensional workload.

Baseline patient demographic characteristics were ob-
tained at initial patient recruitment. All questionnaires were

Figure 1. Patient Flow Diagram

113 Patients consented to
undergo surgery

11 Excluded
8 Withdrew before surgery
1 No inguinal hernia found
2 Incidental contralateral

hernia

54 Received laparoscopic procedure

48 Completed 1-wk follow-up  
53 Completed 1-mo follow-up  

48 Received robotic procedure

44 Completed 1-wk follow-up  
45 Completed 1-mo follow-up  

102 Randomized

Key Points
Question Does the robotic approach to inguinal hernia repair
result in improved postoperative outcomes compared with
traditional laparoscopic inguinal hernia repairs?

Findings In this randomized clinical trial of 102 patients with
inguinal hernia, no significant differences in operative outcomes at
30 days were found between patients who received robotic
inguinal hernia repair and those who received laparoscopic
inguinal hernia repair in terms of postoperative pain,
health-related quality of life, mobility, wound morbidity, or
cosmesis. The robotic approach resulted in increased operative
time, cost, and surgeon frustration, without discernible ergonomic
benefit for surgeons.

Meaning In this study, no apparent clinical benefit occurred with
the robotic approach compared with the laparoscopic approach to
straightforward unilateral inguinal hernia.

Research Original Investigation Robotic Approach vs Traditional Laparoscopic Approach and Postoperative Outcomes

E2 JAMA Surgery Published online March 18, 2020 (Reprinted) jamasurgery.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a NUS Libraries User  on 03/19/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2020.0034?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2020.0034
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2020.0034?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2020.0034
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2020.0034


filled out following patient recruitment for baseline compari-
son. Operative details were collected from the medical rec-
ord. Patient follow-up occurred at 7 days ±3 days and 1 month
±1 week. Future analysis will be reported at 1 year ±1 month,
and 2 years ±2 months.

Inclusion and Exclusion Criteria, Surgical Procedure,
and Patient-Reported Outcomes
Patients were included if they were aged 21 years or older with
no prior open abdominal surgery, presenting for primary or re-
current unilateral inguinal hernia repair, no previous preperi-
toneal mesh placement, and BMI less than or equal to 40 (cal-
culated as weight in kilograms divided by height in meters
squared). Exclusion criteria were the need for an open ingui-
nal hernia repair, patients presenting for evaluation of bilat-
eral inguinal hernias, patients with previous open abdominal
surgery at or below the umbilicus, previous preperitoneal mesh
placement on the side of the planned inguinal hernia repair,
strangulated inguinal hernia, patients with liver disease de-
fined by the presence of ascites, patients with end-stage kid-
ney disease requiring dialysis, and patients unable to give
informed written consent.

All enrolled patients underwent the TAPP approach to in-
guinal hernia repair. The operative technique was standard-
ized in terms of the 3 ports used and dissection which has been
described elsewhere.1 A flat mesh ranging from 10 to 15 cm in
diameter of heavy-weight polypropylene (>75 g/m2) was used
for all repairs. For the laparoscopic approach, mesh was fix-
ated using a permanent tacking device, and peritoneum was
closed using the same device. For the robotic approach, the
mesh was fixated using permanent suture and the perito-
neum was closed using running suture of the surgeon’s choice.
The umbilical port was closed using standard practice for the
operating surgeon. All surgeons were required, in their opera-
tive report, to detail the size of the mesh used, the location of
placement and number of tacks used (if a laparoscopic re-
pair), the type of suture used (if a robotic repair), and the type
of inguinal hernia repair according to the European Hernia So-
ciety classification of inguinal hernias.6 Perioperative care was
performed per standard institutional practice and was left to
the discretion of the anesthesia and surgery teams at the par-
ticipating location.

Patients filled out pain and health-related quality of life
measures at each clinic visit. Pain was evaluated using the
VAS.7 Quality of life was measured using the validated
36-Item Short Form Health Survey (SF-36),8 and mobility
was assessed using the Physical Activity Assessment Tool
(minutes of moderate physical activity and vigorous physi-
cal activity were calculated by multiplying the number of
minutes per day by the number of days per week; these
were summed for moderate-to-vigorous physical activity.9

The SF-36 is an indicator of overall health status which uses
8 scaled scores relating to vitality, physical functioning,
bodily pain, general health perceptions, physical role func-
tioning, emotional role functioning, social role functioning,
and mental health. Scores range from 0-100, where lower
scores relate to more disability, and higher scores relate to
less disability.10 The Physical Activity Assessment Tool mea-

sures type, frequency, and duration of moderate and vigor-
ous physical activity from all 4 domains of physical activity
(leisure, occupational, household, and transportation) in
the last 7 days, and compares this with the usual level of
activity.9 The Stony Brook Scar Evaluation Form for evalua-
tion of cosmesis was filled out at 1 month postoperatively.
This evaluation scale assigns individual scores to scars of
0 to 1 point each for the absence or presence, respectively,
of 5 variables: width greater than 2 mm, elevation or
depression, discoloration, suture or staple marks, and over-
all worse appearance. A total cosmetic score is then calcu-
lated by adding the individual scores, where 0 is worst and 5
is best.

Surgeon Mental Workload and Ergonomic Measures
Surgeon-reported outcomes were collected immediately fol-
lowing the conclusion of each case using the NASA Task Load
Index Scale (NASA-TLX) (range, 1-100, with lower scores indi-
cating lower cognitive workload) and Rapid Upper Limb
Assessment (RULA) mental workload and ergonomic tools,
respectively.

The NASA-TLX validated instrument was used to deter-
mine the mental workload of surgeons, and has precedent as
a tool to evaluate the mental workload of surgeons in mini-
mally invasive surgery.11-13 The NASA-TLX provides an over-
all index of mental workload as well as the relative contribu-
tion of 6 subscales: mental, physical, and temporal task
demands, effort, frustration, and perceived performance. Men-
tal demand determines the level of intellectual and percep-
tual work required for completion of a task and physical de-
mand determines the level of physical work required for
completion of a task. Temporal demand is the measure for time
pressure during the completion of the task. The effort com-
ponent assesses mental and physical work required to per-
form at a certain proficiency level. The frustration compo-
nent evaluates the level of stress associated with completion
of the task. The start and end points for the scales used to
quantify each of these 5 components are low and high,
respectively. The sixth component, performance, is used to
assess the degree of the surgeon’s satisfaction on completion
of the task. The end points for the performance component
are good and poor.11

The RULA was used to assess the ergonomic status of sur-
geons involved in this trial. RULA is a survey method origi-
nally developed for use in workplaces where risk exists for
work-related upper limb injuries, often related to poor ergo-
nomics combined with repetitive motion. It provides an as-
sessment of the postures of the neck, trunk, and upper limb
along with muscle function and the external loads experi-
enced by the body.14 RULA has also been used in the health
care environment, as well as specifically with regard to lapa-
roscopy and robotics.15,16 To use the instrument, the evalua-
tors (independent research fellows who did not operate) sub-
jectively score posture, muscle use, and force for one side of
the body at a time. The scores are then added to obtain a grand
score. A RULA grand score of 5 to 6 indicates increased risk for
musculoskeletal injury, and a grand score of 7 indicates im-
minent risk of injury.
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Cost
Costs per case at each institution were collected and reported
as total cost, operating room cost (as calculated by cost per min-
ute of operating room time required for case), and disposable/
reusable cost, which was calculated to include disposable
materials as well as reusable materials including the robotic
instruments. Robotic and laparoscopic capital equipment costs
were not amortized for the purpose of this analysis.

Statistical Analysis
Simple χ2 tests or Fisher exact tests were used for unadjusted
analyses and a logistic regression model was considered in ad-
justing all the baseline covariates. All tests were 2-tailed and
performed at a significance level of .05. As this was a random-
ized trial, differences in baseline demographic and clinical char-
acteristics between the laparoscopic and robotic cohorts were
expected to occur at random. Any significant differences found
among the demographic or preoperative clinical characteris-
tics between the 2 treatment groups were controlled for in the
final analysis to limit potential confounding of results. All analy-
ses were performed with R statistical software, version 3.5.0
(R Foundation for Statistical Computing).

Results
A total of 102 patients were enrolled in this trial; 54 were ran-
domized to the laparoscopic group (mean [SD] age, 57.2 [13.3]
years and 48 [88.9%] male), and 48 were randomized to the
robotic group (mean [SD] age, 56.1 [14.1] years and 44 [91.6%]
male). One patient in the robotic group was converted to a lapa-
roscopic procedure due to bleeding and was analyzed based
on intent to treat principles in the robotic group. While the ro-
botic group had a lower BMI than the laparoscopic group (24.9
vs 26.9; P = .01), the groups were otherwise similar. Patient
demographic characteristics are outlined in eTable 1 in Supple-
ment 2. The types and location of hernias was similar be-
tween the groups; however, there was significant variation in
the size of ports used between the groups: for the umbilical
port, most ports in the laparoscopic group (74%) were 12 mm,
whereas in the robotic group, 58% were 12 mm and 29.2% were
8 mm (P < .001). For the right lateral port, most patients in the
laparoscopic group (92.5%) had a 5-mm port, whereas most
patients (95.8%) had 8-mm ports (P < .001). The same was seen
for the left lateral port (eTable 2 in Supplement 2). There was
a significantly greater median (interquartile range [IQR]) time
from skin incision to closure in the robotic group (75.5 [59.0-
93.8] vs 40.5 [29.2-63.8] minutes; P < .001). Significantly
greater median (IQR) time was required in the robotic group
for dissection of the hernia (18.0 [12.0-27.0] vs 13.0 [7.0-23.0]
minutes; P = .01), mesh fixation (6.88 [5.00-9.00] vs 1.00
minutes [1.00-3.00]; P < .001), and peritoneal closure (7.00
[5.00-9.00] vs 2.00 [1.00-3.00] minutes; P < .001). Time
required for mesh placement was similar between the groups
(3.00 [2.00-5.00] vs 3.00 [2.00-4.00] minutes; P = .28)
(eTable 2 in Supplement 2). While minimally invasive ingui-
nal hernia repair is expected to be an outpatient procedure,
there was a similar incidence of unanticipated admission

between both groups (2 of 54 [3.8%] vs 4 of 48 [8.3%];
P = .42) (eTable 3 in Supplement 2).

In terms of patient-reported outcomes, pain reported using
the VAS score (preoperatively, 18.8 vs 15.2; P = .42) and change
from baseline was similar between the groups preoperatively
1 week (4.60 vs 5.53; P = .86), and 30 at 11 days postopera-
tively (−7.92 vs −7.00; P = .85) (Figure 2). Health-related qual-
ity of life, measured with the SF-36, was also similar between
groups at all 3 points for all 10 categories. Preoperatively, there
was no difference between groups in physical component
summary (48.1 vs 50.4; P = .20), mental component sum-
mary (54.3 vs 54.8; P = .73), or general health (79.3 vs 80.7;
P = .61). The same was true at 1 week for the physical compo-
nent summary (−6.52 vs −6.95; P = .80), mental component
summary (0.80 vs 0.00; P = .60), and general health (−1.98 vs
−1.72; P = .91). No differences were appreciated at 30 days
in either group for physical component summary (−0.59 vs
−1.98; P = .43), mental component summary (0.65 vs 0.71;
P = .97), or general health (−2.31 vs 1.55; P = .07) (eTable 4 in
the Supplement). Mobility measured by the Physical Activity
Assessment Tool was the same between both groups at all 3
time points. At baseline, both groups were the same for vig-
orous physical activity (VPA) + moderate physical activity
(MPA) (498 vs 601; P = .54). The change in VPA + MPA from
baseline was also similar at 1 week (−221.92 vs −450.07; P = .25)
and 30 days (−129.62 vs −264.93; P = .46). (Table 1). Mean (SD)
patient-reported cosmesis, measured using the Stony Brook
Scar Evaluation Form, was also similar between the groups at
30 days (4.02 [1.03] vs 3.84 [1.19]; P = .43).

Regarding surgeon mental workload, as measured by the
NASA-TLX instrument, there was a significantly higher mean
(SD) level of surgeon frustration for the robotic group vs the
laparoscopic group (32.7 [23.5] vs 20.1 [19.2]; P = .004), and
mean [SD] increased effort of surgeons in the robotic group vs
the laparoscopic group (36.7 [23.3] vs 27.4 [24.1]; P = .05)
(Table 2).

Figure 2. Postoperative Pain Visual Analog Scale (VAS)
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On the VAS, a score of 0 indicates no pain and 100 indicates the worst possible
pain. The horizontal line in the middle of each box indicates the median, while
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respectively. The horizontal lines at the top and bottom of each vertical line
represent the 95% CIs.
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Surgeon ergonomics were measured using the RULA
instrument. Although a significantly worse mean (SD) score
was noted in the robotic group compared with the laparo-
scopic group for left-side upper limbs, arms, and wrists
(5.62 [1.10] vs 4.93 [1.59], respectively; P = .01), the mean
(SD) Grand Composite Scores were similar between the
groups (for left-side laparoscopic, 9.80 [2.75] vs left-side
robotic, 10.3 [1.93]; P = .31; and for right-side laparoscopic,
10.1 [3.16] vs right-side robotic, 10.2 [2.27]; P = .94)
(Table 3).

Data for 30-day wound morbidity and overall adverse
events were similar between the groups. For laparoscopic vs
robotic inguinal hernia repair, no differences were seen in ad-
verse events (9.3% vs 16.7%; P = .37), superficial surgical site
infections (1.85% vs 0%; P > .99), purulent drainage from
wound (1.85% vs 0%; P > .99), or urinary retention (1.85% vs
2.08%; P > .99) (eTable 5 in the Supplement).

A significant increase was noted for the robotic group vs
the laparoscopic group in all cost categories including me-
dian (IQR) total cost ($3258 [$2568-$4118] vs $1421 [$1196-
$1930]; P < .001), operating room cost ($1401 [$1234-$1933] vs
$879 [$714-$1052]; P < .001), and mean (SD) disposable/
reusable cost ($1784 [$1149] vs $623 [$434]; P < .001) (eTable 6
in the Supplement).

Discussion
To our knowledge, this trial is the first to prospectively and
comprehensively compare outcomes of robotic and laparo-
scopic TAPP approach to unilateral inguinal hernia repair. Be-
tween well-matched groups with similar inguinal hernia dis-
ease, there was no significant difference in operative outcomes
between robotic and laparoscopic TAPP in terms of postop-

erative pain, health-related quality of life, mobility, wound mor-
bidity, or cosmesis. Notably, robotic operations were found to
have a significantly higher cost than that of the laparoscopic
approach. The robotic group was also found to have a signifi-
cantly longer operating time and demonstrated an increased
level of surgeon frustration as well as a trend toward in-
creased surgeon effort despite equal performance of the op-
eration. There was no difference in surgeon ergonomics be-
tween the 2 groups, as measured and recorded by independent
observers (H.A. and L.T.).

New technologies may be rapidly adopted in the absence
of supporting evidence to establish their superiority com-
pared with existing procedures.17 Despite seemingly exponen-
tial increase in the robotic approach to inguinal hernia repair
with concurrent static numbers of laparoscopic approach,18 cur-
rent comparative literature to support this practice has re-
mained sparse. Indeed, studies supportive of the robotic over
laparoscopic approach to date are hindered by single-group co-
horts limited to quality of life measures,19 single-surgeon ex-
periences with small patient groups and clinical differences of
limited practical or meaningful value,20 multicenter retro-
spective studies with heterogeneous comparison groups,21 and
large administrative database reports lacking in operative
granularity and limited in their scope to address salient is-
sues related to hernia recurrence and quality of life.22

Given that our study was performed by all fellowship-
trained minimally invasive high-volume hernia surgeons with
documented robotic experience and a high level of familiar-
ity with the operative anatomy and steps of TAPP inguinal her-
nia repair, it could be expected that clinical outcomes were
similar between the robotic and laparoscopic groups. Nota-
bly, the differences in mesh fixation between robotic sutur-
ing and permanent tack fixation were not associated with
any difference in patient-reported outcomes such as pain or

Table 1. Mobility Measured by the Physical Activity Assessment Toola,b

Variable

Time, mean (SD), s

Preoperative 1 wk 1 mo

Lap (n = 51) Rob (n = 47) P value Lap (n = 50) Rob (n = 45) P value Lap (n = 53) Rob (n = 44) P value
Moderate intensity (MPA)

Overall 459 (685) 464 (590) .97 192 (455) 125 (187) .35 310 (591) 336 (656) ,84

Difference NA NA NA −269.62 (688) −315.40 (583) .73 −132.08 (735) −137.89 (693) .97

Vigorous intensity (VPA)

Overall 96.6 (176) 160 (505) .43 72.4 (294) 2.27 (10.8) .11 94.6 (272) 64.9 (116) .48

Difference NA NA NA −19.50 (342) −154.67 (500) .13 −26.42 (159) −92.50 (500) .40

VPA + MPA

Overall 498 (609) 601 (949) .54 265 (703) 127 (188) .21 411 (738) 315 (360) .42

Difference NA NA NA −221.92 (959) −450.07 (958) .25 −129.62 (756) −264.93 (1001) .46

Last 7 d activity, No. (%)

More 2 (3.92) 3 (6.52)

.73

1 (2.22) 3 (7.14)

.55

9 (17.0) 7 (16.3)

.67Less 18 (35.3) 13 (28.3) 38 (84.4) 35 (83.3) 20 (37.7) 20 (46.5)

About the same 31 (60.8) 30 (65.2) 6 (13.3) 4 (9.52) 24 (45.3) 16 (37.2)

Abbreviations: Lap, laparoscopic; MPA, moderate physical activity;
NA, not applicable; VPA, vigorous physical activity; Rob, robotic.
a The Physical Activity Assessment Tool measures type, frequency, and duration

of moderate and vigorous physical activity from all 4 domains of physical
activity (leisure, occupational, household, and transportation) in the last 7

days, and compares this with the usual level of activity.9

b Variations in denominators in this table represent missing data, in which case
patients were excluded from analysis. All analyses were otherwise completed
based on intention-to-treat principles.
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mobility. Additionally, our findings of increased operative
times and cost for the robotic group have been well-
described previously and are consistent with multiple prior
publications.18,20,22-24 Having annotated the steps of the op-
eration to evaluate the time for each step in a granular fash-
ion, it is clear that the increased operative time for the robotic
group was ascribed to each step of the operation, and dock-
ing (median 5 minutes) was therefore not the culprit for the
35-minute difference in time that we observed.

While there is a common perception that the high-
resolution 3-dimensional visualization, elimination of tremor,
and stability of instruments offered by the robotic platform may
ultimately be associated with improved surgeon comfort and
performance,22,25,26 our findings do not support this idea for
the application of robotics in minimally invasive inguinal her-
nia repair. While those benefits may exist, we found no asso-
ciation between their existence and any meaningful clinical
improvement in the performance or outcomes of robotic TAPP
inguinal hernia repair over laparoscopic TAPP. Furthermore,
while some have suggested that there may be an ergonomic
benefit to surgeons using the robotic platform,16,27 our find-
ings also did not support this idea for the application of robot-
ics in minimally invasive inguinal hernia repair. Others have
suggested that the robotic console only allows acceptable po-
sitioning for surgeons falling between the heights of 64 in and
73 in28; however, all surgeons except 1 fit this description.
Despite fairly wide dissemination and acceptance of the
concept of ergonomic superiority associated with the robotic
platform, this concept has not been thoroughly investigated
to date. To that end, there are studies that do not support the
purported ergonomic benefit added by the robot,29,30 and there
is a lack of high-level evidence at this point to support a de-
finitive conclusion regarding ergonomics as they relate to the
robot. Regardless, RULA Grand Composite Scores for both
groups in our study indicated imminent risk for work-related
injury, suggesting that there is no objectively measured ergo-
nomic benefit to the robotic platform over the laparoscopic ap-
proach. More likely, all surgical procedures may be associ-
ated with some form of poor ergonomics and potential for
repetitive-motion type occupational injury.

Surgeons in our study had a significantly higher level of
frustration when performing robotic operations over that per-
ceived with laparoscopic operations. As surgeons in this study
had performed at least 25 robotic operations prior to the study,
we do not feel that this finding can be attributed to the sur-
geon’s robotic learning curve. We also do not think it is en-
tirely unexpected that surgeons experienced frustration with
an operation that requires almost twice as much time to per-
form as its comparator. While some surgeons have noted an

Table 2. Operating Surgeon NASA Task Load Index Scalea

NASA

Mean (SD)
P
valueLaparoscopic (n = 54) Robotic (n = 48)

Demand

Mentalb 25.8 (23.3) 31.9 (22.0) .18

Physicalb 23.6 (22.0) 23.6 (15.1) >.99

Temporalc 20.7 (17.2) 24.4 (15.4) .26

Performanced 16.9 (14.0) 19.6 (12.2) .31

Efforte 27.4 (24.1) 36.7 (23.3) .05

Frustrationf 20.1 (19.2) 32.7 (23.5) .004

Workload

Overall 21.9 (18.2) 27.5 (15.6) .10

Raw overall 22.4 (17.4) 28.2 (15.7) .08

a The NASA Task Load Index Scale (with a score of 0 meaning low and 100
meaning high) provides an overall index of mental workload as well as the
relative contributions of 6 subscales: mental, physical, and temporal task
demands, effort, frustration, and perceived performance.

b Mental and physical demands determine the level of intellectual/perceptual
and physical work required for completion of a task, respectively.

c Temporal demand is the measure for time pressure during the completion of
the task.

d Performance assesses the degree of the surgeon’s satisfaction on completion
of the task. The end points for the performance component are good and
poor.11

e The effort component assesses mental and physical work required to perform
at a certain proficiency level.

f The frustration component evaluates the level of stress associated with
completion of the task. The start and end points for the scales used to quantify
each of these 5 components are low and high, respectively.

Table 3. Operating Surgeon Rapid Upper Limb Assessmenta

Rapid Upper Limb Assessment

Mean (SD)

P valueLaparoscopic (n = 54) Robotic (n = 48)
Left side

Score A (upper limbs - arms and wrists) 4.93 (1.59) 5.62 (1.10) .01

Score B (posture) 3.33 (1.47) 3.73 (1.07) .12

Score C (upper limbs - arms and wrists overall) 5.83 (1.89) 6.10 (1.31) .40

Score D (posture) 3.96 (1.48) 4.17 (0.95) .41

Grand Composite Score 9.80 (2.75) 10.3 (1.93) .31

Right side

Score A (upper limbs - arms and wrists) 5.11 (1.79) 5.48 (1.29) .23

Score B (posture) 3.46 (1.63) 3.77 (1.06) .26

Score C (upper limbs - arms and wrists overall) 6.06 (2.18) 5.98 (1.56) .84

Score D (posture) 4.09 (1.74) 4.21 (1.05) .68

Grand Composite Score 10.1 (3.16) 10.2 (2.27) .94

a Evaluators subjectively score
posture, muscle use, and force for
one side of the body at a time. The
scores are then added to obtain a
grand score. A grand score of 5 to 6
indicates increased risk for
musculoskeletal injury, and a grand
score of 7 indicates imminent risk of
injury.
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advantage to the robotic approach for more complex opera-
tions such as recurrent inguinal hernia,31 our study was de-
signed to investigate the use of robotics in straightforward uni-
lateral inguinal hernia. Further study is required to elucidate
the potential advantages of robotics in more complicated clini-
cal scenarios.

Limitations
This study has limitations. First, at the time that this study was
initially designed, there was essentially no precedent on which
to perform a power calculation as robotic adoption was in its
infancy for repair of inguinal hernia. Thus, this study was de-
signed as a pilot study. Even with the relatively small cohorts
examined herein, we were able to identify statistically signifi-
cant differences in cost, operating time, and surgeon frustra-
tion. While increased surgeon effort in the robotic group ap-
proached statistical significance, it is possible that a type II error
prevented surgeon effort from reaching statistical signifi-
cance. Also, as the learning curve for minimally invasive her-
nia is not well defined in current surgical literature, we are un-
able to state definitively if the 25-case requirement for each
platform was sufficient to assume proficiency of participat-
ing surgeons on both platforms. Additionally, proponents of
robotic inguinal surgery have inferred that the robotic plat-
form may facilitate acquisition of minimally invasive skills for
surgeons who otherwise are only able to perform open ingui-
nal hernia repair.31 That question was not addressed here as
it was outside of the scope of this study, and further prospec-
tive study should be undertaken to investigate this concept.

Finally, based on our findings combined with a tradi-
tional value equation, in which value equals clinical and
patient-reported outcomes divided by cost, we performed a
power analysis for the next phase of our trial. We surmised that
to offset the cost difference identified in this trial, the out-
comes of the operation (numerator of the equation) would need

to improve by an order of 2 for the robotic TAPP to provide true
value. As clinical outcomes were unlikely to appreciably im-
prove, we selected the VAS score on which to power our next
phase. To detect a 50% improvement in VAS scores for the ro-
botic group over the laparoscopic group, our power analysis
determined that 23 patients per group would be required to
achieve 80% power. Although our initial trial was not de-
signed with this power analysis in mind, it appears that our
study was in fact powered to detect a VAS difference of suffi-
cient clinical importance to offset the cost differential associ-
ated with robotic TAPP.

Conclusions
Our study is to date the only prospective randomized head-
to-head comparison of robotic vs laparoscopic minimally
invasive inguinal hernia repair. In this study, early clinical out-
comes were similar between the groups with regard to post-
operative pain, quality of life, mobility, cosmesis, wound mor-
bidity, and complications. The robotic approach was more
costly, required greater operative time, resulted in increased
surgeon frustration, and failed to provide any objective ergo-
nomic benefit to surgeons compared with the laparoscopic plat-
form. Despite the pilot nature of our study, our outcomes are
notable, particularly given the frequency with which ingui-
nal hernia repair is performed in the United States, and sug-
gest that the use of the robotic platform for unilateral uncom-
plicated inguinal hernia repair is not justified for surgeons able
to perform this operation laparoscopically. Our study was not
designed to address potential benefits of the robotic platform
for open surgeons attempting to adopt minimally invasive tech-
niques, or in more complex clinical scenarios of inguinal her-
nia repair and further study should be devoted to these spe-
cific questions.
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