The Role of Haptic Force Feedback in Reducing Surgical Force: Optimization of Force Application in Robotic

Cholecystectomies

Nymisha Rameswarapu BS, Lilia Purvis MSc, Melisa Uraz MSc, Busisiwe Mlambo MD, Conner Herndon PhD
Intuitive Surgical, Inc. 5655 Spalding Dr, Peachtree Corners GA 30092

Nested Ontology Step and Phase Framework for RC

Sample Sizes per Sensitivity Setting

LLl
S
|_
o_
—)
|_
=

FFB Distribution of Forces

0.7

D O e S fo rce feed baCk h a Ve a p O S Itl Ve I m p a Ct 8 Dissection Dissection Dissection Segment Sensitivity 0 (Off) Sensitivity 1 (Low) Sensitivity 2 (Med) Sensitivity 3 (High)
on force application during surgery? < s z % -
° o} E)iesdsection of Gallbladder off Liver 20 119 27 29
Table 1 Summarizes the sample sizes f(&chFFB sensitivity setting (Off, Low, Med, High), representing
. ' . . oX ) . Dissection of the number of cases in each group for [BJI3eilely phase and [CE]lle}Elele IR IAMVII@EISte| step. g
The purpose of this study is to evaluate the potential of haptic force feedback O t(r:iZLogtISe Calot's triangle Gallbladder off Liver Bed g
(FFB) technology during RC to reduce excessive force application. 1 - = Kruskal-Wallis Test Results S
g?:titlco[gj;da%v:::r;f Segment H Statistic p-value
Introduction Robotic cholecystectomy (RC) is the minimally invasive process of surgically extracting a Bfesacian 20.86 <0.001 N
diseased gallbladder. < oction of Gallbladder off L . 0.00 N N
« Despite the advantages of robotic surgery, a perceived limitation is lack of haptic feedback, as . S e <0.001 h
inadpe Late sensatioi noUt ma resultgin Zn uaintentional force apolication onptissue that can Fig 2 The diagram visually represents the segmentation of RC workflow, with Dissection of Triangle of Calot and [BISleile]s I KEElIe]ETe e IIXeliMMYIgEIYel nested within | W\
. 9 . : p. : y . . . F.)p . . Di i h Th h icis indicati f b d iation in ti ion duri RC Table 2 Presents Kruskal-Wallis H test results comparing median force values across all FFB sensitivity 0.0 : , - s - ; :
increase the risk of tissue injury or inadequate suturing, resulting in prolonged operative time and '55ectionfiiRilngfushicuisisliaclieuiioe el s Reliulshllicplielelceelelne Ciliie NS

0 1 2 3 4 5 6 7

levels for each segment. Statistically significant p -values indicate detectable group differences in applied force

force, supporting further pairwise comparisons.
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increased patient morbidity [1].

« Clearance of the hepatocystic triangle, exposure of the lower third of the cystic plate, cystic artery
and cystic duct are essential steps to achieving the critical view of safety, which is the single most
important intervention to mitigate against bile duct injury during RC[2]. The surgical steps
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Table 3 Compares force applied in baseline cases against cases with any force feedback (FFB On), using
Mann-Whitney U tests for each segment. The tests resulted in statistically significant p -values (p < 0.05).
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Fig 1. Relevant step and extended phase segmentation are defined by Mlambo et al. For each step and phase, the table
includes the ontology at a granular level, surgical objective, start parameter, and stop parameter or definition used for
segmentation and annotation purposes. Extended phases are the least granular tier of temporal segmentation, and

surgical steps are the second hierarchical tier and are more granular than extended phases. In RC, Dissection of Triangle of
Gl D issection of Gallbladder off Liver Bed ElfeRER e R italls phase [3].

Results indicate that median force generally declined as FFB sensitivity increased, supporting the hypothesis that
FFB usage reduces median force exertion. Statistical group comparisons were performed during the Kruskal-Wallis

test followed by pairwise Mann-Whitney U tests with Bonferroni correction. Statistically significant results are Fii 5 The median force (N) recorded for each FFB sensitivity group in phase and [CE]l|e]ETelelYge} s HMIV:Ts

indicated with * (see figure key for details). Comparisons between FFB and no FFB (Baseline) are also illustrated on BIte| step is shown. Results demonstrate a consistent reduction in median applied force as sensitivity setting
the right plot, with both and [BISS=teileYs N} HEE Il Elolo leTey MMIITHETYel sShowing statistically significant increases, which is also depicted in Fig 3.
differences between groups by Mann-Whitney U test.
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