
ORIGINAL ARTICLE

Features of haptic and tactile feedback in TORS-a comparison
of available surgical systems

Daniel T. Friedrich1
• L. Dürselen2

• B. Mayer3
• S. Hacker2

• F. Schall2 •

J. Hahn1
• T. K. Hoffmann1

• P. J. Schuler1
• J. Greve1

Received: 23 February 2017 / Accepted: 24 April 2017 / Published online: 3 May 2017

� Springer-Verlag London 2017

Abstract Sustained interest and an increase of possible

indications endorse the role of robot-assisted surgery of the

head and neck region. However, broad clinical application

is impeded by substantial extra cost, time exposure and a

supposed deficit of haptic and tactile feedback. The role of

haptic feedback has barely been examined in this context,

and literature provides only limited objective validation.

This point of criticism applies to all commercially avail-

able systems. We created an experimental setup to evalu-

ate, quantify and compare the performance of surgical

systems. The daVinci system (Intuitive Surgical), the Flex

system (Medrobotics) and standard rigid instruments

(23 cm laryngoscopic grasper, Karl Storz) were compared

with the human hand by head and neck surgeons (n = 15),

performing a variety of surgical tasks. Specific samples

with different rigidity were sorted with all devices, and the

resulting orders were analyzed by permutation analysis,

indicating differences in precision and accuracy of haptic

and tactile feedback. The human hand was superior in all

trials, acting as reference modality. The flexible instru-

ments of the Flex system performed better than the electro-

mechanically decoupled instruments of the daVinci system

for the majority of measures recorded, suggesting a benefit

in terms of haptic and tactile feedback in this context.

While not all aspects of haptic and tactile feedback were

accessible, this first objective comparison endorses the

inferiority of robot-assisted surgery in terms of haptic and

tactile feedback, compared to the human sense or standard

surgical tools. Furthermore, the immediate force trans-

mission of the Flex system seems to be superior to the

electro-mechanical transformation of the daVinci system,

indicating an advantage in terms of haptic and tactile

feedback in immediate comparison. This study is providing

a basis for further experiments and the development of

robotic surgery towards an implementation in clinical

routine.
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Introduction

Despite major developments over the past 15 years and

increased implementation of transoral robot-assisted sur-

gery (TORS) in the head and neck area, these innovative

techniques still fail to supersede traditional access via rigid

endoscopy, transoral laser microsurgery and the open

transcervical approach as standard surgical procedures of

this specific region [1]. Various limitations prevent broad

application and acceptance in clinical routine. These

include: (I) substantial extra cost, which is currently not

covered by the Diagnosis Related Groups (DRG) pricing

system in Germany as well as in several other European

countries [2], (II) considerable additional time exposure

due to set-up time and extended general effort and fur-

thermore (III) a presumed deficiency of haptic and tactile

feedback, preventing higher acceptance especially among
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professionals [3]. These limitations apply to all established

and commercially available robot-assisted surgical sys-

tems. Currently, the daVinci system (Intuitive Surgical

Inc., Sunnyvale, USA) and the Flex system (Medrobotics

Corp., Raynham, USA) are approved for head and neck

surgery in Europe and North America [4, 5]. Both systems

have been extensively described in previous publications

[6–8]. While tactile feedback is defined as the passive

sensibility, e.g., perceived by the receptors of the human

hand, haptic feedback emerges from active exploration.

Referring to surgical work, these two aspects are perceived

as an inseparable, subjective and highly individual cogni-

tion of the human senses, and are not easy to approach in

terms of conducting a sophisticated investigation. Though,

the aspects of haptic and tactile feedback undoubtedly

affect surgical work, and different tools, transferring the

surgeońs actions to the patient, have different characteris-

tics in terms of haptic and tactile feedback. Lederman and

Klatzky defined the perception of haptic as a combination

of the following procedures to explore objects: lateral

motion (sweeping over a surface), pressure, enclosure and

contour following [9]. Another considerable aspect is the

visual feedback, transferred through the visible deforma-

tion of an object or, for example, the depth of an incision,

effecting from a defined applied force [10]. In summary,

absolute quantification of this multimodal sensory

impression is not possible. Until today, the literature offers

limited objective validation on this topic for the head and

neck region. While we find several technical surveys, e.g.,

comparing specific robotic tools [11], the available robot-

assisted surgical systems have never been compared in

terms of haptic and tactile feedback in a quantifiable

experimental setup. Thus, in our primary approach, we

aimed at investigating the two basic modalities of all sur-

gical techniques, pressure and extension. Assessment and

reproducibility of these forces were compared in terms of

haptic and tactile feedback in a quantifiable and simple

experimental setup using two recently discussed robot-as-

sisted surgical systems, the daVinci System and the Flex

System. In addition, tasks were performed by hand and

with standard laryngoscopic instruments as reference

modalities.

Materials and methods

Experimental setup

Assessment and reproducibility of pressure and extension

were examined separately. To assess for pressure, six

custom build silicone cushions with defined rigidity (Sili-

cones ShA 0 with 1.06 g/cm3 density, ShA 13 with 1.07 g/

cm3, ShA 33 with 1.10 g/cm3 in different ratio) were

positioned by the study participants according to the

rigidity from soft to hard by touching samples with the

respective surgical device. Silicone samples were visually

identical (Fig. 1a). To assess for extension, five steel ten-

sion springs with defined rigidity (0.1–2.8 N/mm) were put

in order according to degree of rigidity from soft to hard

(Fig. 1b). Springs were built into optically identical black

boxes (Fig. 2). In both experiments, samples have been

approached from above at an angle of 90�. A total of 15

study participants, all head and neck residents or consul-

tants, performed both experiments using these modalities:

(I) by hand, without any tool, as the assumed tactile ref-

erence, (II) employing a standard rigid laryngoscopic

grasper for transoral surgery (23 cm, Karl Storz, Tuttlin-

gen, Germany), (III) using a suitable rigid Maryland

grasper of the daVinci system and (IV) by means of a

suitable flexible fenestrated grasper of the Flex system

(Fig. 3a, b).

Analysis

To exclude learning effects, the initial order of samples and

the order of modalities applied were randomized for every

participant. Visual feedback via immediate eye contact or

the visualization screen of the robotic systems was not

disabled. The respective result order was recorded for each

participant and evaluated by permutation analysis. Four

key measures were recorded: (I) absolute success of the set

task as a binary feature (yes/no), (II) highest number of

samples arranged in the correct order (in series), (III)

maximum number of samples put on the correct place

number, independent from the order (accuracy), (IV) lar-

gest number of samples positioned on incorrect place

number, independent from the order (mistakes). Standard

statistical measures were compared and significance was

validated using the Chi Square, Fisher-Exact and Kruskal–

Wallis tests. Calculations were performed by a certified

statistician using the ‘R’-software (open source software,

www.r-project.org).

Results

The assessment of haptic and tactile feedback in transoral

robot-assisted surgery was feasible with all tested surgical

tools in the presented setup. The robot-assisted surgical

tools showed no system failure. All samples were appro-

priate and showed no relevant wear marks during the

investigation. Table 1 displays the numeric results of the

permutation analysis in a simplified depiction. The results

of the human hand were superior in all trials. Therefore, the

human hand applies as reference modality in this study. As

described above, depending on the respective key measure,
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we found significant differences between the competitive

systems. In detail, the absolute discharge of the set task was

successfully performed by significantly more participants

with the Flex instruments, compared to the daVinci system

for the evaluation of extension. For the assessment of

pressure, no significant differences were found for this

specific measure. Concerning the maximum number of

samples in a correct order, the comparison of medians

indicates a significant benefit for the daVinci system in the

assessment of extension, while differences in the pressure

attempt are even and not statistically significant. Looking

at the correct placement of samples, once more the Flex

systems shows advantages in accuracy for the assessment

of pressure with a significantly higher median, while results

for the assessment of extension are equivalent between the

systems for this particular measure. Finally, analyzing the

number of incorrectly placed samples, with a higher

mistake rate in median, more participants failed for the set

task using the daVinci system, especially exercising pres-

sure to the samples in this experiment. Again, Fisher-Exact

and Chi Square proved significance of these findings,

except for the absolute result and the maximum order for

the evaluation of pressure (Figs. 4, 5).

In conclusion, the flexible instruments of the Flex sys-

tem performed better than the rigid and electro-mechani-

cally decoupled instruments of the daVinci system for the

majority of measures, suggesting a benefit in terms of

haptic and tactile feedback in this context. Standard rigid

instruments showed similar results to the human hand for

most measures and consequently were superior to both of

the robot-assisted systems.

Discussion

The initial idea of surgical robots is to facilitate highly

challenging interventions and to compensate, where human

capabilities are inevitably restricted, for example by sup-

pressing the surgeońs tremor in cochlear implantation [12].

However, since the introduction of robot-assisted surgery

in terms of automated or semi-automated systems, it is

generally assumed, that in terms of haptic and tactile

feedback, these innovative systems are inferior to the sur-

geońs hand with its natural properties of human sense [13].

Although there are various definitions of haptic and tactile

feedback in literature, the terms are mostly considered a

measure of the controllability and reproducibility of the

forces applied, especially when used in a clinical context.

While the daVinci system meets the actual definition of a

medical robot with a real master–slave principle, the Flex

system is rather a computer-assisted endoscope with

mechanical instruments [14]. Therefore, the impression of

haptic and tactile feedback is transferred electromechani-

cally for the daVinci system, and mechanically without

conversion for the Flex system. Undoubtedly, this leads to

major differences in the transmission of haptic and tactical

feedback. However, since the array of possible indications

and the value in clinical application of both systems are

Fig. 1 a Custom built silicone cushions and b tension spring boxes to evaluate haptic and tactile feedback of robot-assisted surgical systems for

head and neck surgery

Fig. 2 Evaluation of haptic and tactile feedback of the daVinci

system (Intuitive Surgical Inc.). The surgical system is tested using a

standardized investigation procedure

J Robotic Surg (2018) 12:103–108 105

123



Fig. 3 a Setup of the Medrobotics Flex system, a computer-assisted flexible endoscope. b The endoscope tip features a 2D-HD camera and

compatible flexible instruments are forwarded through accessory working channels. Cordially provided by Medrobotics Corporation

Fig. 4 Result presentation (binary feature) of haptic and tactile

feedback of robot- assisted systems for transoral surgery compared to

standard instruments and the human hand in terms of absolute success

of the set task for evaluation of (a) extension and (b) pressure

(yes = successfully completed; no = not successfully completed)

Table 1 Relative results of haptic and tactile feedback of robot-assisted systems for transoral surgery as compared to standard instruments and

the human hand

Extension Pressure

Absolute Hand[ instrument[Flex[ daVinci (Chi Square

p = 0.002)

Hand[ instrument[Flex[ daVinci (Chi Square

p = 0.244)

Maximum in

order

Hand = instrument[ daVinci[Flex (Kruskal–Wallis

p = 0.02)

Hand = instrument = Flex = daVinci (Kruskal–Wallis

p = 0.28)

Correct

placement

Hand = instrument[Flex = daVinci (Kruskal–Wallis

p = 0.001)

Hand = instrument = Flex[ daVinci (Kruskal–Wallis

p = 0.001)

Incorrect

placement

Hand = instrument[Flex = daVinci (Kruskal–Wallis

p = 0.002)

Hand = instrument = daVinci[Flex (Kruskal–Wallis

p = 0.03)

The permutation analysis shows the performances of all tested modalities in comparison ([results superior to,\results inferior to, = results

equal to)
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very similar, an objective comparison seems useful. A

number of research teams as well as manufacturers them-

selves have attempted to equip robot-assisted surgical

systems with special sensors to record and analyze forces

and torques applied, e.g. for the daVinci system [15, 16].

However, to date, very few of the attempts facilitate clin-

ical use in a significant way. Additional scales and other

information interfer with the visualization of the surgical

site, decrease the surgeońs concentration and are barely

intuitive. The use of surgical tools is necessarily accom-

panied by a loss of haptic and surgical control, which is

confirmed by the results of our study. In the presented

setup, the human hand was at all times superior to the

standard rigid surgical tools or the robot-assisted operating

systems used. Of considerable interest in particular are the

differences between the competing robot-assisted surgical

systems. Here, the Flex system seems to benefit from

immediate force transmission via the flexible tools.

Transmission of movements and forces is only reduced by

insignificant deformation of the instrument. In comparison,

for the daVinci system, the controller and the effector tool

are decoupled by electro-mechanical transformation of

movements and forces, resulting in a decreased haptic and

tactile feedback. Even respecting the system differences in

terms of construction and function, this can lead to a dis-

advantage in clinical use. A major limitation of the pre-

sented study is the role of optical feedback, which is not

analyzed in the presented setup. The established robot-as-

sisted surgical systems are mostly based on an image-

guided construction with 2D-HD or 3D visualization [17].

To allow the execution of the experiments in this setup,

visual feedback could not be disabled. Therefore, the role

of optical feedback could not be sufficiently examined in

the current setup and the differentiation between the effects

of optical and tactical feedback needs further definition.

Conclusion

The aspects of haptic and tactile feedback in robot-assisted

surgery remain controversial. Our study acknowledges the

inferiority of robot-assisted surgery in terms of haptic and

tactile feedback compared to the human sense or standard

surgical tools. Furthermore, this first objective comparison

of commercially available systems ascertains an advantage

of the Flex system over the daVinci system. Future projects

Fig. 5 Result presentation (dotplot) of haptic and tactile feedback of

robot- assisted systems for transoral surgery compared to standard

instruments and the human hand in terms of the maximum number of

samples placed in correct order for evaluation of (a) extension and

(b) pressure. The maximum number of samples put on the correct

place number, independent from the order, for evaluation of

(c) extension and (d) pressure. The largest number of samples

positioned on incorrect place number, independent from the order, for

evaluation of (e) extension and (f) pressure. Each point represents the

result of one participant, black lines enable a comparison of the

respective medians
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should evaluate the role of haptics and tactile feedback in

terms of a more complex coverage and closer to clinical

application. Especially the role of optical feedback is not

adequately defined in the current setup and has to be further

evaluated.
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