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Abstract With modern medicine and healthcare services
improving in leaps and bounds, the integration of telemedi-
cine has helped in expanding these specialised healthcare
services to remote locations. Healthcare telerobotic systems
form a component of telemedicine, which allows medical
intervention from a distance. It has been nearly 40 years
since a robotic technology, PUMA 560, was introduced to
perform a stereotaxic biopsy in the brain. The use of tele-
manipulators for remote surgical procedures began around
1995, with the Aesop, the Zeus, and the da Vinci robotic
surgery systems. Since then, the utilisation of robots has
steadily increased in diverse healthcare disciplines, from
clinical diagnosis to telesurgery. The telemanipulator sys-
tem functions in a master—slave protocol mode, with the
doctor operating the master system, aided by audio-visual
and haptic feedback. Based on the control commands from
the master, the slave system, a remote manipulator, interacts
directly with the patient. It eliminates the requirement for the
doctor to be physically present in the spatial vicinity of the
patient by virtually bringing expert-guided medical services
to them. Post the Covid-19 pandemic, an exponential surge
in the utilisation of telerobotic systems has been observed.
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This study aims to present an organised review of the state-
of-the-art telemanipulators used for remote diagnostic proce-
dures and surgeries, highlighting their challenges and scope
for future research and development.
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1 Introduction

In recent years, the demand for the deployment of robots in
healthcare systems has grown many fold. Shortage of health-
care professionals, cost of healthcare services, and popula-
tion aging are some of the reasons. Many researchers have
worked rigorously to develop robots that can work autono-
mously alongside present healthcare professionals and assist
them. In this article, a few such robots which are currently
deployed are discussed.

The term telemanipulator is formed by joining two words,
i.e., tele and manipulator. Tele stands for telecommunica-
tion and a manipulator is a device, comprised of links con-
nected by joints, used to handle materials by the user without
directly touching the material. Such manipulators which are
operated from a far distance (operator not in the vicinity
of the manipulator) are called telemanipulators. In recent
years, the use of telemanipulators in the field of medicine
has experienced a significant surge. Telemanipulators used
in medicine lie under a bigger umbrella called telemedicine
(initially defined by Dr. Kenneth Bird in 1971 [1]). Two of
the important areas in medicine are diagnosis and surgery.
In this article, a detailed review of telemanipulators used
for diagnostics and surgery is illustrated. Section 2 elabo-
rates robot systems used for performing remote surgery. A
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state-of-the-art review of telemeanipulators deployed in
medical diagnosis is presented in Sect. 3. Major conclusions
from the review are highlighted in section 4.

2 Telemanipulators in surgery

The process of controlling a manipulator from a remote
place to perform surgical operations is termed telesurgery.
The manipulators used for this purpose are termed telema-
nipulators. The advantages of these systems are the acces-
sibility to high-quality surgery for patients at remote loca-
tions, allowing collaboration between experts geographically
separated and enhancing surgical precision. Telesurgery is
performed by two groups of experts, i.e., one of the groups
in proximity to the patient, and the other group, comprising
surgical experts, controlling the manipulator from a remote
location, to operate on the patient. The group in proximity
to the patients, sets up the surgical robot. This group is also
responsible to terminate the tele assisted robotic surgery in
case of an emergency and to continue the surgical process as
appropriate. Using haptic (touch) sensors, surgeon at remote
location generates the input control signals. These signals
are then transmitted using wireless communication protocol
to the telemanipulator at patient end to perform a specific
procedure in the surgery. During this process, real-time vis-
ual feedback signals are sent to the surgical experts at the
remote end to have exact information about the environment
where the patient is being operated on. With the advance-
ment of technology in the field of telecommunication, such
as 5 G networks, a surge in the demand for telesurgery is
observed. During the recent COVID-19 pandemic when
travel was restricted there was a use case for requirement
for remotely guided procedures.

Since the first known material manipulator, developed in
1949 by Raymond C. Goertz [2] to handle hazardous radio-
active materials, robotic manipulators have evolved consid-
erably. In 1961, manipulators for industrial applications was
introduced by a company called Unimation. The robot was
called Unimate [3]. Although these manipulators were able
to replace some of the human works, the true dexterity of a
human arm was achieved when in 1978 Programmable Uni-
versal Manipulation Arm (PUMA) was introduced. This led
to the use of manipulators in surgical robots, demonstrated
by Kwoh et. al. [4] in 1988 to perform brain biopsy. Many
researchers have worked rigorously to develop efficient sur-
gical robots. This is described below.

2.1 PROBOT
In late 1980, a robot was developed at the Imperial Col-

lege in London to assist transurethral prostatectomies. The
robot was called PROBOT [5-7]. Although transurethral
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prostatectomies are not difficult, robots assisting the surgery
reduces risk of human error and time. Transurethral prosta-
tectomy is a process to remove the extra-growth of tissue in
the prostate gland. The clinical problem is impaired flow, a
uncommon issue in elderly men. By the time this research
was initiated, advanced 6-axis PUMA robots were already
popular for industrial application. Initial experiments were
performed with the PUMA robot. Due to the large work-
space and unconstrained motion of such a robot, the labora-
tory developed its own robot. This new robot was designed
to have a much smaller working environment limited to the
size of the prostate. The robot had four axes of movement.
i.e., 3 translational axes and 1 additional degree of freedom
(DOF) for moving the cutter. The rotational speed of the cut-
ter was set to 40,000 rpm. An endoscope was also attached
to the probe to have live image feedback during the surgi-
cal procedure. Using the input from the surgeon about the
resection areas on the 3-D model of the prostrate the robot
calculated the trajectories and autonomously performed the
surgical procedure. This helped reduced fatigue in the sur-
geon and improved cutting accuracy of the tissues on the
prostate gland.

2.2 ROBODOC

The ROBODOC robotic system was developed by Integrated
Surgical Systems, Sacramento, CA, USA in 1992, to assist
in performing a cementless total hip replacement [8—10].
The system was developed to minimize potential human
error in performing the surgery. It comprised of a computer
workstation, called ORTHODOC, used to perform preop-
erative planning and a 5-axes robot in which a high-speed
milling tool is attached as an end effector. During the initial
introduction of cementless hip replacement surgery, many
patients complained about thigh pain, intraoperative frac-
ture, and failure of bony ingrowth. It was then realized that
the accurate shaping of the femur bone is equally important
as proper fitting of the bone. Since the equipment used to
perform cementless surgery was the same as cemented sur-
gery, carving the bones created rough surfaces resulting in
gaps when implants were placed in cementless surgery. This
called for the development of precision bone-carving robots.
Using the 3-D model developed by CT scans, all movements
required for carving the bone were precalculated and bone
carving was performed autonomously. After introducing
robotic hip replacement surgery, the discomforts related to
post-surgical effects were reduced subsequently.

2.3 AESOP

In the field of robots in medicine, the next important inven-
tion was introduced as the Automated Endoscopic System
for Optimal Positioning (AESOP) by Computer Motion,



CSIT (April 2023) 11(1):31-37

33

Santa Barbara, CA, USA [11, 12]. AESOP was the first
laparoscopic camera holder which obtained FDA approval.
Later AESOP was upgraded to a voice-controlled system
with seven degrees of freedom manipulator to mimic a
human hand. Traditionally, during laparoscopic surgery,
the laparoscopic camera was handheld and operated by a
human assistant. Although the time required to perform
surgery using the traditional method and AESOP had no
significant difference, the stability of video feedback using
AESOP robots had improved significantly [13—15]. It also
replaced an assistant required for such surgery.

2.4 ZEUS

The same company which developed AESOP introduced the
concept of telerobotics surgery with ZEUS in 1998 [16-20].
The system worked in a principle of master—slave configu-
ration, in which the slave robot performs the surgery as per
the command generated at the master system by a specialist.
While operating the system, the master robot which is at a far
distance from the patient connects to the slave robot through
telecommunication. Long distance telesurgery between New
York, USA and Strasbourg, France using fiber optic cables
was achieved through ZEUS robotic system. Three arms of
the slave in ZEUS robotic system, two for performing the
surgery and the other as AESOP, are attached to a table. The
two surgical arms have four degrees of freedom. The master
robot consists of a video monitor and two handles. The video
monitor receives video feedback from the environment of
the patient and the two handles are used to manipulate the
two surgical arms. Although telesurgery was successfully
demonstrated by the ZEUS system, the system had its own
limitations. The system was too big to be operated on in a
smaller space and to view the 3-D image, the surgeon needs
to use a special glass which ocasionally caused motion sick-
ness to the surgeon.

2.5 Da Vinci Robot

In 1999, the first standard Da Vinci surgical system was
introduced by Intuitive Surgical Inc. which was founded in
1995 [21]. The system consists of three major devices i.e.,
patient cart, vision cart, and surgeon console [22]. Initially,
the system was introduced with three robotic arms on the
patient cart, however, in an upgrade in 2005 an additional
robotic arm was integrated resulting in four robotic arms
on the patient cart. The Da Vinci surgical robots operate on
the same master—slave principle as the ZEUS. In the patient
cart, three of the arms are used to perform surgery and the
fourth is used for high-definition visual feedback. In the ver-
sion released in 2009, the system is equipped with another
surgical console to incorporate collaborative surgeries. As
of now, Da Vinci robot is one of the most sophisticated

teleoperated laparoscopic surgical technological systems
available which can efficiently perform complex kidney,
prostate, ureter, and pelvic surgeries.

3 Telemanipulators in Medical Diagnosis

The idea behind integrating robotic telemanipulators in
medical diagnostic procedures is to bring the expertise of
specialists to regions where there are no specialists. The
expense and inconvenience to patients travelling long dis-
tances for regular checkups could reduce. From an ergo-
nomic standpoint, the telerobotic systems further aid in
the comfort of the operators. Holding the probe at different
uncomfortable angles can lead to long-term musculoskeletal
problems. Incorporating these several additions [23, 24] aim
to improve operator experience.

Ultrasound imaging has become an indispensable diag-
nostic imaging technology used in several medical emergen-
cies and to aid surgical decisions. Ultrasonography however
is strongly operator dependent. Telemanipulators for ultra-
sound imaging therefore is of immense importance..

A typical telerobotic ultrasound system consists of three
components. At the remote sonographer site, an experienced
sonographer moves around a haptic-feedback-enabled mock
probe. At the other end, the patient site, a robotic manipu-
lator operates the scanning ultrasound probe and interacts
directly with the patient. Finally, a telecommunication sys-
tem connects the docto/sonographerr to the patient, enabling
seamless diagnostic procedures. Figure 1. illustrates the key
components of a typical telerobotic ultrasound system. By
bringing innovations to these three components, several vari-
ations have been reported in the literature. A few of these
have been commercialised. The following section reviews
the state-of-the-art technologies reported in this area.

One of the earliest works was done by Gourdon et al.
in the SYRTECH project [25]. They illustrated a 3 DOF
cage-like robotic system that interacted with the patient and
was remotely manipulated by a sonographer using a joystick
controller. The robot did not have any active translational
degrees of freedom and had to be positioned manually at the
area of scanning, for example, abdominal scans. The wrist
inside the cage-like structure could actively rotate in 3D
space, displaying the orientations as intended by the sonog-
rapher. The system has been successfully deployed in per-
forming remote ultrasonography of the liver and the heart.

Following this, a series of pioneering works by Vieyres
et al. and supported by the European Space Agency (ESA):
TERESA [26], OTELO [27, 28], ESTELE [29, 30] and
PROSIT [29], laid the foundation for the now commercial-
ised MELODY system [31, 32]. The MELODY system con-
sists of three active rotational degrees of freedom and three
passive translational degrees of freedom. A human assistant
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Fig. 1 Schematic of a tele- Doctor Site
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at the patient site passively controls the positioning of the
ultrasonographic probe. And its orientation is remotely
controlled by the expert sonographer. Now, for the remote
control, instead of a mouse or a joystick, the system deviates
from its precursors by equipping a haptic feedback-enabled
dummy probe. The system is made commercially available
by AdEchoTEch, France, and has successfully been deployed
in over three hundred patients for cardiac [33], abdominal
[34, 35], obstetric [36] and pelvic [37] ultrasound scans.

Wang et al. at King’s College London led a series of
developments in robot-assisted ultrasound scan procedures
under the intelligent Fetal Imaging and Diagnosis (iFIND)
project [38]. They started with a bulky 7-DOF cartesian
robot in iFIND-v1 and moved on to iFIND-v2, which had
a more compact and lightweight design with better safety
management techniques [39]. In iFIND-v3 they shifted
from the single-arm robot approaches of the predecessors
to incorporating a 17-DOF dual-probe robot system [40].
In more recent versions, they proposed integration of soft
robotic end-effector [41] and self-adaptive parallel manipu-
lators (SAPM) [42]. These conforms to the contours of the
surface in contact and adds to patient safety. The project
aims at improving pregnancy screenings by bringing inno-
vative technologies in obstetric and abdominal ultrasound
scan procedures [38].
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Szczesdniak-Stanczyk et al. developed an unified robotic
system, Remote Medical Diagnostician (ReMeDi) [43] It
consists of a kinematically redundant 7-DOF manipulator
with an integrated video-conferencing system, enabling the
doctor to remotely interact with the patient. Unlike its pre-
decessors, this does not require the presence of a human
assistant at the patient site and provides the provision for
complete teleoperation. Besides ultrasonographic scan pro-
cedures, the system allows for patient discussions, medical
assessment, auscultation and palpation. Further demonstra-
tions have been successfully carried out to illustrate its effi-
cacy for remote cardiac examinations [44].

The MGIUS-R3 system [45] is a commercially avail-
able telerobotic system for ultrasonography, developed by
MGITech Co. It consists of a 6-DOF robotic manipulator
with an integrated force-feedback sensory system, handling
the ultrasonic probe in contact with the patient’s body. It has
been used for conducting ultrasonography procedures for
cardiopulmonary tests in real time [46]. Table 1 summarizes
all the systems discussed above.

Apart from these robots, which are specifically designed
to perform ultrasonography, researchers have also tried to
extend the usage of commercially available robots in this
domain, which will make the development of the overall
system more affordable. Chatelain et al. [47] used the Viper

Table 1 Summary of custom-made tele-manipulators in medical diagnosis

System Year Design Application Reference

SYRTECH 1999 3DOF system (modified wrist for rotation) Cardiac and liver USG [25]

TERESA 2003 3DOF spherical wrist for rotation and platform with 1 trans-  Universal [26]
lational DOF

OTELO 2006 6 DOF system Universal [27, 28]

ESTELE 2012 4 DOF system (3 rotation + 1 translation) Universal [29, 30]

PROSIT 2012 4 DOF system (3 rotation + 1 translation) Universal [29]

MELODY 2016-2018 3 active rotational DOFs and 3 passive translational DOFs Cardiac, abdominal, obstetric, pelvic USG [31-37]
iFIND 2019 v1: 7-DOF cartesian robot v2: 8-DOF system (SDOF wrist + Abdominal and obstetric USG [38-42]
2DOF parallel arm + 1DOF global rotation) v3: 17-DOF
dual robot system
ReMeDi 2016-2020 7DOF system with integrated video-conferencing system Cardiac and abdominal USG [43, 44]
MGIUS-R3 2020 6DOF manipulator Cardiac USG [45, 46]
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Table 2 Summary of tele-manipulators in medical diagnosis developed using commercially available systems

Robot Distributer Design Application Reference

Viper s650 [48] Adept Technology Inc., USA 6 DOF robot arm Robotic tele-echography [47]

KUKA LWR [50] KUKA, Augsburg Germany 7 DOF robot arm Focused Assessment with Sonog-  [49]
raphy for Trauma (FAST)

ProSix C4 [52] Epson, Japan 6 DOF robot arm 3D imaging of human tissues [51]

URS [59] Universal Robots Corporation, Denmark 6 DOF robot arm Universal [54]

PANDA [56] Franka Emika, Germany 7 DOF robot arm Thyroid USG [57, 58]

$650 robot by Adept Technology Inc., USA [48] and inte-
grated a 6-axes force/torque sensor to build their system.
For their remote trauma assessment study, Mathur et al. [49]
developed a robotic system with the 7-DOF KUKA LWR
arm (KUKA AG, Augsburg Germany) [50]. The remote
robotic ultrasound system proposed by Huang et al. [51]
for 3D scanning of human tissues used the ProSix C4 robot
by Epson [52]. URS collaborative robot arm by Universal
Robots Corporation, Denmark, has been one of the most
widely used commercially available robot manipulators
because of its low cost and compliance with ISO 10218-
1:2006 [53]. Mathiassen et al. [24] used the 6DOF URS
system to interact with the patient and the Phantom Omni
system as the remote controller. Geng et al. [54] developed
a master—slave system for robot-assisted ultrasound imaging
by integrating the slave: URS robotic arm with the master:
a haptic device, Touch by 3D System Corporation, America
[55]. Another popularly available commercial robotic arm
is Panda from FRANKA EMIKA [56]. It has similar advan-
tages as that of the URS robot, except for a smaller work
volume and lower torque limit, making it safer for patients
in case of accidents. Kaminski et al. [57] and Sandoval
et al. [58] have used this Panda arm in their setups for tele-
ultrasonography respectively. Thus, utilizing commercially
available robotic systems, besides making the development
more feasible, helps make the final product more affordable
and robust. A summary of all such system developed using
commercial robots, discussed here, is presented in Table 2.

Ultrasound imaging, with its highly safe diagnosis
principle, has been deployed to provide images and exam-
ine a wide array of areas in the human body: heart, liver,
kidneys, gallbladder, breasts, uterus, major blood vessels
and even eyes. Echocardiography is the use of ultrasound
waves for cardiac imaging [60]. A tele-echocardiography
system, TER, is reported in [61]. The device is equipped
with a force feedback system, allowing the operator to apply
variable pressures on the patient’s body. Masuda et al. [62]
also developed a wireless tele-echography system-assisted
EDR (echographic diagnosis robot). It has also been used to
diagnose tumours and guide biopsies. Prostate ultrasound
is deployed to generate images of the rectum and assist in
biopsy for further diagnosis. Pisani et al. [63] presented a

robotic system with the 4 DOF SCARA (Selective, Compli-
ance, Arm, Robotized, Assembly) robotic arm to conduct a
biopsy of the prostate aided by an ultrasound probe localisa-
tion system. The high-precision system has the potential to
be controlled both locally and remotely from a distance for
teleoperation and was demonstrated on over five hundred
tests.

4 Conclusions

In this article, a review of existing telemanipulators used for
diagnostics and surgery is discussed. The use of manipula-
tors in medicine has improved efficiency and accuracy of
surgical procedures. It has helped reduce fatigue in physi-
cians, while performing long surgical procedures. Since
manipulators can perform precision movements repeat-
edly, the use of such systems may increase. With evolving
technologies, such as fifth-generation communications and
Smart material-based compact actuators, the development of
cost-efficient and compact telemanipulators may be envis-
aged, in the near future.

References

1. Bird KT (1971) Teleconsultation: a new health information
exchange system, vol 201. Massachusetts General Hospital,
Washington

2. Goertz RC (1953) Remote-control manipulator. US Patent
2,632,574

3. Nof SY (1999) Handbook of industrial robotics. John Wiley &
Sons, New York

4. Kwoh Y, Hou J, Jonckheere E et al (1988) A robot with improved
absolute positioning accuracy for ct guided stereotactic brain sur-
gery. IEEE Trans Biomed Eng 35(2):153-160. https://doi.org/10.
1109/10.1354

5. Davies B, Hibberd R, Coptcoat M et al (1989) A surgeon robot
prostatectomy-a laboratory evaluation. J] Med Eng Technol
13(6):273-277. https://doi.org/10.3109/03091908909016201

6. Harris S, Arambula-Cosio F, Mei Q et al (1997) The probot-
an active robot for prostate resection. Proc Inst Mech Eng
211(4):317-325. https://doi.org/10.1243/0954411971534449

7. Davies B (2000) A review of robotics in surgery. Proc Inst Mech
Eng 214(1):129-140. https://doi.org/10.1243/0954411001535309

@ Springer


https://doi.org/10.1109/10.1354
https://doi.org/10.1109/10.1354
https://doi.org/10.3109/03091908909016201
https://doi.org/10.1243/0954411971534449
https://doi.org/10.1243/0954411001535309

36

CSIT (April 2023) 11(1):31-37

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

Bann S, Khan M, Hernandez J et al (2003) Robotics in surgery.
J Am Coll Surg 196(5):784-795. https://doi.org/10.1016/S1072-
7515(02)01750-7

Bargar WL (1989) Shape the implant to the patient: a rationale for
the use of custom-fit cementless total hip implants. Clin Orthop
Relat Res 249:73-78

Bargar WL, Bauer A, Borner M (1998) Primary and revision total
hip replacement using the robodoc (r) system. Clin Orthop Relat
Res 1976-2007(354):82-91

Sackier JM, Wang Y (1994) Robotically assisted laparoscopic
surgery. Surg Endosc 8(1):63-66. https://doi.org/10.1007/BF029
09496

Allaf M, Jackman S, Schulam P et al (1998) Laparoscopic visual
field. Surg Endosc 12(12):1415-1418. https://doi.org/10.1007/
5004649900871

Kavoussi LR, Moore RG, Adams JB et al (1995) Comparison
of robotic versus human laparoscopic camera control. J Urol
154(6):2134-2136. https://doi.org/10.1016/S0022-5347(01)
66715-6

Mettler L, Ibrahim M, Jonat W (1998) One year of experience
working with the aid of a robotic assistant (the voice-controlled
optic holder AESOP) in gynaecological endoscopic surgery.
Human Reprod (Oxford, England) 13(10):2748-2750. https://
doi.org/10.1093/humrep/13.10.2748

Hubens G, Ysebaert D, Vaneerdeweg W et al (1999) Laparo-
scopic adrenalectomy with the aid of the AESOP 2000 robot/
invited comment. Acta Chir Belg 99(3):125-129. https://doi.org/
10.1080/00015458.1999.12098462

Kiaii B, Boyd WD, Rayman R, et al (2000) Robot-assisted com-
puter enhanced closed-chest coronary surgery: preliminary expe-
rience using a harmonic scalpel® and zeus™. In: Heart Surgery
Forum, Forum Multimedia Publishing, pp 194-197

. Boyd WD, Kiaii B, Novick RJ et al (2001) Ravecab: improving

outcome in off-pump minimal access surgery with robotic assis-
tance and video enhancement. Can J Surg 44(1):45

Boehm DH, Reichenspurner H, Gulbins H et al (1999) Early expe-
rience with robotic technology for coronary artery surgery. Ann
Thorac Surg 68(4):1542-1546. https://doi.org/10.1016/S0003-
4975(99)00955-8

Boyd WD, Rayman R, Desai ND et al (2000) Closed-chest coro-
nary artery bypass grafting on the beating heart with the use of a
computer-enhanced surgical robotic system. J Thorac Cardiovasc
Surg 120(4):807-809. https://doi.org/10.1067/mtc.2000.109541
Marescaux J, Leroy J, Gagner M et al (2001) Transatlantic robot-
assisted telesurgery. Nature 413(6854):379-380. https://doi.org/
10.1038/35096636

Yates DR, Vaessen C, Roupret M (2011) From Leonardo to da
Vinci: the history of robot-assisted surgery in urology. BJU Int
108(11):1708-1713. https://doi.org/10.1111/j.1464-410X.2011.
10576.x

Sung GT, Gill IS (2001) Robotic laparoscopic surgery: a compari-
son of the da Vinci and Zeus systems. Urology 58(6):893—-898.
https://doi.org/10.1016/S0090-4295(01)01423-6

Priester AM, Natarajan S, Culjat MO (2013) Robotic ultrasound
systems in medicine. IEEE Trans Ultrason Ferroelectr Freq Con-
trol 60(3):507-523. https://doi.org/10.1109/TUFFC.2013.2593
Mathiassen K, Fjellin JE, Glette K et al (2016) An ultrasound
robotic system using the commercial robot URS. Front Robot Al
3:1. https://doi.org/10.3389/frobt.2016.00001

Gourdon A, Poignet P, Poisson G, et al (1999) A new robotic
mechanism for medical application. In: 1999 IEEE/ASME inter-
national conference on advanced intelligent mechatronics (Cat.
No0.99TH8399), pp 33-38, https://doi.org/10.1109/AIM.1999.
803139

@ Springer

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

. Vieyres P, Poisson G, Courreges F et al (2003) The teresa pro-

ject: from space research to ground tele-echography. Ind Robot
30:77-82. https://doi.org/10.1108/01439910310457742

Vieyres P, Poisson G, Courreges F, et al (2006) A tele-operated
robotic system for mobile tele-echography : the Otelo project. In:
S. IRLSPC (ed) M-Health - Chapter V. No. V in International
Topics in biomedical Ingeneering, Kluwer academic/plenum pub-
lishers, pp 461-473, https://doi.org/10.1007/0-387-26559-7_35
Courreges F, Vieyres P, Istepanian R (2004) Advances in robotic
tele-echography services - the otelo system. In: The 26th Annual
international conference of the IEEE engineering in medicine and
biology society, pp 5371-5374, https://doi.org/10.1109/IEMBS.
2004.1404499

Nouaille L, Vieyres P, Poisson G (2012) Process of optimisa-
tion for a 4 DOF tele-echography robot. Robotica 30:1131-1145.
https://doi.org/10.1017/S0263574711001305

Bruyere F, Ayoub J, Arbeille P (2011) Use of a telerobotic arm
to perform ultrasound guidance during renal biopsy in trans-
plant recipients: A preliminary study. J Endourol 25(2):231-234.
https://doi.org/10.1089/end.2010.0287. (pMID: 21050028)
Vieyres P, Novales C, Rivas R, et al (2013) The next challenge for
world wide robotized tele-echography experiment (wortex 2012):
from engineering success to healthcare delivery

(2022) Melody—telerobotic ultrasound solution. https://www.
adechotech.com/products/

Avgousti S, Panayides AS, Jossif AP et al (2016) Cardiac ultra-
sonography over 4G wireless networks using a tele-operated
robot. Healthcare Technol Lett 3(3):212-217. https://doi.org/10.
1049/ht1.2016.0043

Georgescu M, Sacccomandi A, Baudron B et al (2016) Remote
sonography in routine clinical practice between two isolated medi-
cal centers and the university hospital using a robotic arm: A
1-year study. Telemed e-Health 22(4):276-281. https://doi.org/
10.1089/tmj.2015.0100

Adams SJ, Burbridge BE, Badea A et al (2017) Initial experi-
ence using a telerobotic ultrasound system for adult abdominal
sonography. Can Assoc Radiol J 68(3):308-314. https://doi.org/
10.1016/j.carj.2016.08.002

Adams SJ, Burbridge BE, Badea A et al (2018) A crossover com-
parison of standard and telerobotic approaches to prenatal sonog-
raphy. J Ultrasound Med 37(11):2603-2612. https://doi.org/10.
1002/jum.14619

Junca-Laplace-Valageas C, Gervaise A, Pernin M et al (2015)
Addressing requests for emergency ultrasonographic examinations
when implementing teleradiology services. Diagn Interv Imag
96(11):1141-1146. https://doi.org/10.1016/}.diii.2015.01.007
Wang S, Housden J, Noh Y, et al (2019) Robotic-assisted ultra-
sound for fetal imaging: Evolution from single-arm to dual-arm
system

Wang S, Housden J, Noh Y, et al (2019) Design and implementa-
tion of a bespoke robotic manipulator for extra-corporeal ultra-
sound. J Visual Exp p e58811. https://doi.org/10.3791/58811
Housden J, Wang S, Bao X et al (2021) Towards standardized
acquisition with a dual-probe ultrasound robot for fetal imaging.
IEEE Robot Autom Lett 6(2):1059-1065. https://doi.org/10.1109/
LRA.2021.3056033

Lindenroth L, Housden RJ, Wang S et al (2020) Design and inte-
gration of a parallel, soft robotic end-effector for extracorporeal
ultrasound. IEEE Trans Biomed Eng 67(8):2215-2229. https://
doi.org/10.1109/TBME.2019.2957609

Bao X, Wang S, Zheng L, et al (2022) Sapm: Self-adaptive paral-
lel manipulator with pose and force adjustment for robotic ultra-
sonography. IEEE Trans Ind Electron pp 1-10. https://doi.org/10.
1109/TIE.2022.3220864


https://doi.org/10.1016/S1072-7515(02)01750-7
https://doi.org/10.1016/S1072-7515(02)01750-7
https://doi.org/10.1007/BF02909496
https://doi.org/10.1007/BF02909496
https://doi.org/10.1007/s004649900871
https://doi.org/10.1007/s004649900871
https://doi.org/10.1016/S0022-5347(01)66715-6
https://doi.org/10.1016/S0022-5347(01)66715-6
https://doi.org/10.1093/humrep/13.10.2748
https://doi.org/10.1093/humrep/13.10.2748
https://doi.org/10.1080/00015458.1999.12098462
https://doi.org/10.1080/00015458.1999.12098462
https://doi.org/10.1016/S0003-4975(99)00955-8
https://doi.org/10.1016/S0003-4975(99)00955-8
https://doi.org/10.1067/mtc.2000.109541
https://doi.org/10.1038/35096636
https://doi.org/10.1038/35096636
https://doi.org/10.1111/j.1464-410X.2011.10576.x
https://doi.org/10.1111/j.1464-410X.2011.10576.x
https://doi.org/10.1016/S0090-4295(01)01423-6
https://doi.org/10.1109/TUFFC.2013.2593
https://doi.org/10.3389/frobt.2016.00001
https://doi.org/10.1109/AIM.1999.803139
https://doi.org/10.1109/AIM.1999.803139
https://doi.org/10.1108/01439910310457742
https://doi.org/10.1007/0-387-26559-7_35
https://doi.org/10.1109/IEMBS.2004.1404499
https://doi.org/10.1109/IEMBS.2004.1404499
https://doi.org/10.1017/S0263574711001305
https://doi.org/10.1089/end.2010.0287
https://www.adechotech.com/products/
https://www.adechotech.com/products/
https://doi.org/10.1049/htl.2016.0043
https://doi.org/10.1049/htl.2016.0043
https://doi.org/10.1089/tmj.2015.0100
https://doi.org/10.1089/tmj.2015.0100
https://doi.org/10.1016/j.carj.2016.08.002
https://doi.org/10.1016/j.carj.2016.08.002
https://doi.org/10.1002/jum.14619
https://doi.org/10.1002/jum.14619
https://doi.org/10.1016/j.diii.2015.01.007
https://doi.org/10.3791/58811
https://doi.org/10.1109/LRA.2021.3056033
https://doi.org/10.1109/LRA.2021.3056033
https://doi.org/10.1109/TBME.2019.2957609
https://doi.org/10.1109/TBME.2019.2957609
https://doi.org/10.1109/TIE.2022.3220864
https://doi.org/10.1109/TIE.2022.3220864

CSIT (April 2023) 11(1):31-37

37

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Szczes$niak-Stariczyk D, Stariczyk B (2015) Novel robotic system
for remote ultrasonography-from an idea to the first prototype.
Presentation of the ReMeDi project. Med Robot Rep 4:1-8
Giuliani M, Szcz¢$niak-Staiiczyk D, Mirnig N et al (2020)
User-centred design and evaluation of a tele-operated echo-
cardiography robot. Health Technol. https://doi.org/10.1007/
$12553-019-00399-0

(2022) Mgius-r3. https://en.mgi-tech.com/products/instruments_
info/11/

Ye R, Zhou X, Shao F et al (2020) Feasibility of a 5g-based robot-
assisted remote ultrasound system for cardiopulmonary assess-
ment of COVID-19 patients. Chest 159. https://doi.org/10.1016/].
chest.2020.06.068

Chatelain P, Krupa A, Navab N (2015) Optimization of ultrasound
image quality via visual servoing. In: 2015 IEEE international
conference on robotics and automation (ICRA), pp 5997-6002,
https://doi.org/10.1109/ICRA.2015.7140040

(2022) Viper 650. https://www.ia.omron.com/products/family/
3866/

Mathur B, Topiwala A, Schaffer S, et al (2019) A semi-auton-
omous robotic system for remote trauma assessment. In: 2019
IEEE 19th International conference on bioinformatics and bio-
engineering (BIBE), pp 649-656, https://doi.org/10.1109/BIBE.
2019.00122

(2022) Lbr iiwa. https://www.kuka.com/en-in/products/robotics-
systems/industrial-robots/lbr-iiwa

Huang Q, Lan J (2019) Remote control of a robotic prosthesis
arm with six-degree-of-freedom for ultrasonic scanning and
three-dimensional imaging. Biomed Signal Process Control
54(101):606. https://doi.org/10.1016/j.bspc.2019.101606

(2022) Epson prosix c4-a901c (c4l). https://www.epson.eu/en_
EU/products/robots/6-axis-c-series/epson-prosix-c4-a901c-%
28¢41%29/p/13191

Filippeschi A, Griffa P, Avizzano C (2021) Kinematic optimi-
zation for the design of a collaborative robot end-effector for

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

tele-echography. Robotics 10:8. https://doi.org/10.3390/robotics 10
010008

Geng C, Xie Q, Chen L, et al (2020) Study and analysis of a
remote robot-assisted ultrasound imaging system. In: 2020 IEEE
4th information technology, networking, electronic and automa-
tion control conference (ITNEC), pp 389-393, https://doi.org/10.
1109/ITNEC48623.2020.9084796

(2022) Touch haptic device. https://www.3dsystems.com/hapti
cs-devices/touch

(2022) Franka emika - next generation robotics. https://www.
franka.de/

Kaminski JT, Rafatzand K, Zhang HK (2020) Feasibility of robot-
assisted ultrasound imaging with force feedback for assessment of
thyroid diseases. In: Fei B, Linte CA (eds) Medical Imaging 2020:
Image-Guided Procedures, Robotic Interventions, and Modeling,
International Society for Optics and Photonics, vol 11315. SPIE,
p 113151D, https://doi.org/10.1117/12.2551118

Sandoval J, Laribi MA, Zeghloul S et al (2020) Cobot with pris-
matic compliant joint intended for doppler sonography. Robotics.
https://doi.org/10.3390/robotics9010014

(2022) Universal robot urSe: a flexible and lightweight robotic
arm. https://www.universal-robots.com/products/ur5-robot/
Ashley EANJ (2004) Cardiology explained. Remedica, London
Vilchis Gonzélez A, Cinquin P, Troccaz J, et al (2001) Ter: a
system for robotic tele-echography. pp 326-334, https://doi.org/
10.1007/3-540-45468-3_39

Masuda K, Tateishi N, Suzuki Y, et al (2002) Experiment of wire-
less tele-echography system by controlling echographic diagnosis
robot. pp 130-137, https://doi.org/10.1007/3-540-45786-0_17
Pisani E, Montanari E, Deiana G et al (1995) Robotized prostate
biopsy. Minim Invasive Therapy 4(5-6):289-291. https://doi.org/
10.3109/13645709509152808

@ Springer


https://doi.org/10.1007/s12553-019-00399-0
https://doi.org/10.1007/s12553-019-00399-0
https://en.mgi-tech.com/products/instruments_info/11/
https://en.mgi-tech.com/products/instruments_info/11/
https://doi.org/10.1016/j.chest.2020.06.068
https://doi.org/10.1016/j.chest.2020.06.068
https://doi.org/10.1109/ICRA.2015.7140040
https://www.ia.omron.com/products/family/3866/
https://www.ia.omron.com/products/family/3866/
https://doi.org/10.1109/BIBE.2019.00122
https://doi.org/10.1109/BIBE.2019.00122
https://www.kuka.com/en-in/products/robotics-systems/industrial-robots/lbr-iiwa
https://www.kuka.com/en-in/products/robotics-systems/industrial-robots/lbr-iiwa
https://doi.org/10.1016/j.bspc.2019.101606
https://www.epson.eu/en_EU/products/robots/6-axis-c-series/epson-prosix-c4-a901c-%28c4l%29/p/13191
https://www.epson.eu/en_EU/products/robots/6-axis-c-series/epson-prosix-c4-a901c-%28c4l%29/p/13191
https://www.epson.eu/en_EU/products/robots/6-axis-c-series/epson-prosix-c4-a901c-%28c4l%29/p/13191
https://doi.org/10.3390/robotics10010008
https://doi.org/10.3390/robotics10010008
https://doi.org/10.1109/ITNEC48623.2020.9084796
https://doi.org/10.1109/ITNEC48623.2020.9084796
https://www.3dsystems.com/haptics-devices/touch
https://www.3dsystems.com/haptics-devices/touch
https://www.franka.de/
https://www.franka.de/
https://doi.org/10.1117/12.2551118
https://doi.org/10.3390/robotics9010014
https://www.universal-robots.com/products/ur5-robot/
https://doi.org/10.1007/3-540-45468-3_39
https://doi.org/10.1007/3-540-45468-3_39
https://doi.org/10.1007/3-540-45786-0_17
https://doi.org/10.3109/13645709509152808
https://doi.org/10.3109/13645709509152808

	A review on tele-manipulators for remote diagnostic procedures and surgery
	Abstract 
	1 Introduction
	2 Telemanipulators in surgery
	2.1 PROBOT
	2.2 ROBODOC
	2.3 AESOP
	2.4 ZEUS
	2.5 Da Vinci Robot

	3 Telemanipulators in Medical Diagnosis
	4 Conclusions
	References




