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TECHNOLOGY UPDATE

Robotic Image-Guided Needle
Interventions of the Prostate
Pierre C. Mozer, MD, PhD, Alan W. Partin, MD, PhD, Dan Stoianovici, PhD
James Buchanan Brady Urological Institute, Johns Hopkins Medicine, Baltimore, MD

Prostate biopsy and needle-directed prostate therapies are currently performed free-handed or with needle external templates under ultrasound
guidance. Direct image-guided intervention robots are modern instruments
that have the potential to substantially enhance these procedures. These may
increase the accuracy and repeatability with which needles are placed in the
gland. The authors’ group has developed a robot for precise prostate targeting that operates remotely alongside the patient in the magnetic resonance
imaging scanner, as guided according to the image.
[Rev Urol. 2009;11(1):7-15]
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t is estimated that the number of prostate biopsy procedures performed each
year in the United States is on the order of 1 million. These yield the detection of approximately 230,000 new prostate cancers yearly.1 The difference is
explained not only by tests with true-negative results but also unfortunately by
those in which the biopsies missed sampling the cancer. With the current stage
migration,1,2 tumors are becoming ever more difficult to sample; yet the staging
of the disease becomes increasingly dependent on biopsy results. Moreover,
wider treatment options are currently under evaluation for the management of
localized prostate cancer, including needle-directed therapy methods such as
cryotherapy,3 high-intensity focused ultrasound,4 and photodynamic therapy.5,6
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The routine clinical modality for
imaging the prostate is transrectal ultrasound (TRUS), for either diagnosis or
needle therapy. Transrectal or transperineal needle access is performed either
free-handed or with the use of a needle
guide template. Systematic sampling
protocols and gland-distributed treatment-planning algorithms have been
developed to cope with the reduced
accuracy of the ultrasound in cancer
detection. The concept of focal therapy by the delivery of ablative therapy
proximal to gland locations where
positive biopsies were sampled is
being tested,7,8 but neither the biopsies

biopsy mechanism. If correlated with
pathology findings, cancer image
maps could advance the field of targeted biopsies and focal therapies.
The true potential of needle delivery mechanisms relies on their ability
to operate with, be guided by, and use
feedback from medical imaging
equipment. Image guidance and navigation has been traditionally performed free-handed on preacquired
images and with the use of spatial localizers, such as optical9 and magnetic trackers.10 The current trend,
however, is for embedded systems that
allow for re-imaging during the inter-

The true potential of needle delivery mechanisms relies on their ability to operate with, be guided by, and use feedback from medical imaging equipment.
nor therapies are yet directly targeting
imaged tumor foci.
New needle delivery mechanisms
are therefore needed to increase the
accuracy and repeatability with which
needles can be placed in the gland. If
accurate prostate cancer imaging
were commonly used and accepted,
such instruments could be immediately used for targeted biopsies or
focal therapy. Today, prostate cancer
image maps are still controversial, but
accurate needle delivery mechanisms
could be used to advance current procedures. For example, primary biopsies could better follow systematic
plans, repeat biopsies could be tailored to target regions unsampled in
previous biopsies, and expectant
management biopsies could resample
critical regions within the prostate.
For treatment, these could potentially
improve the execution and outcome
of treatment plans and reduce side
effects.
Significant research is currently
concentrated on the development of
new prostate cancer markers and
imaging methods. Their local validation could benefit from a precise
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vention for relocalization, treatmentplanning updates, and quality control. We call these direct image-guided
interventions (DIGI). The performance
of DIGI is not new: the routine TRUS
biopsy is performed under direct
guidance. However, the new term is
essential for distinguishing this important class of image-guided interventions from navigation based on
preacquired imaging data.
A DIGI needle delivery mechanism
is best implemented by a computercontrolled device. This is a robot of
special design and control architecture. DIGI robots are substantially
different from the common surgeondriven da Vinci® Surgical System
(Intuitive Surgical, Sunnyvale, CA),
and neither could take the other’s
place. This article reviews clinical
considerations and technical challenges for DIGI prostate robots and
presents several such systems under
development.

Clinical Considerations
Puncture Paths
Three paths have been used to reach
the prostate with a needle: the trans-
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rectal, transperineal, and transgluteal. The transrectal path is extensively used in routine clinical practice
for TRUS biopsies and is typically
limited to biopsy because of the infection concerns associated with more
extensive or invasive procedures.
However, the transrectal approach
presents a simplicity advantage because it is well tolerated with minimal
anesthesia. Currently, interest in performing biopsies transperineally is
increasing owing to the potential increase in accuracy of localization and
the ability to sample more tissue from
the peripheral zone. Prostate modeling11 has theoretically demonstrated
that 98.5% of the peripheral zone
volume may be sampled with the
transperineal approach, compared
with only 64.9% using the transrectal
approach. Needle therapies are commonly performed transperineally. The
transgluteal path is very rarely used
in clinical practice because of the
larger depth of insertion required.12,13
Target Size
The size of prostate cancer tumors
varies significantly. A study on 1832
radical prostatectomy specimens
evaluated the mean volume of the 5
largest cancers in each gland.14 Results show that volumes were 2.13,
0.39, 0.17, 0.09, and 0.04 cm3. The
gold standard for clinically insignificant prostate cancer is determined on
the basis of a radical prostatectomy
specimen containing less than 0.5 mL
(0.5 cm3) of prostate cancer with a
Gleason score of 6 or less.15,16 Considering that after resection the volume
of the prostate shrinks approximately
20%,17 the preoperative size of an insignificant tumor is calculated to be a
sphere of approximately 5.2-mm radius. Even though the shapes of the
tumors are irregular, this sphere size
sets the upper limit of the accuracy
required for needle targeting. For
treatment, the accuracy may be even

4. RIU0386_03-13.qxd 3/13/09 4:22 PM Page 9

Robotic Prostate Needle Interventions

more stringent for avoiding adjacent
structures, such as the rectum and
neurovascular bundles.
Movement and Deformation
of the Prostate
The motion of the prostate is significantly less than that of other organs
owing to its distal location from the
diaphragm and its support provided
by the pelvic structures. This makes
the prostate a good target candidate
for image-guided robots. However,
small respiratory motion of a few millimeters has been reported in radiotherapy studies.18-20 The motion depends on the position of the patient
and is larger for the ventral decubitus
than for the supine position.21
The prostate may also move or deform as a function of rectal peristalsis
and bladder filling.22,23 During a 20minute radiotherapy session the
prostate was found to move as much
as 3 mm.24
Prostate motion and deformations
may also be induced by the use of endorectal instruments. TRUS end-fire
probes can easily induce movement of
the prostate and put it out of its shape

inserted 18-gauge needles, the force
of insertion was reported to be lower
than 10 N.26 During brachytherapy
the prostate was found to rotate up to
13.8 in the coronal plane27 and 10.2
in the sagittal plane. Studies also
found that the shape of the needle
point may also be a factor in insertion
force and prostate deformation and
that diamond-tipped needles in general have a lower resistive force than
beveled, asymmetric tips.28
Mechanical laws applied to needle
insertion establish that a reduction of
the axial force along the needle minimizes tissue deformation and target
deflection.29 So, decreasing the axial
force by implementing some special
movements, such as spinning the needle30 or fast insertions,31 can increase
the accuracy for reaching the target.
Imaging Used for Guiding
Prostate Interventions
Three imaging methods are used for
the prostate,32 with TRUS being the
most popular for both biopsy and
treatment. Its main advantages are its
availability, simplicity, and real-time
imaging, and its main drawback is its

The insertion of the needle may affect the shape of the prostate, depending
on the access path, the size and type of the needle, and the way that the needles are inserted.
in a significant manner. Magnetic resonance imaging (MRI) endorectal coils
may also induce changes. Inflatabletype coils may cause larger distortions
compared with rigid coils, compressing
the prostate in the anterior-posterior
direction by 4.1  3.0 mm versus 1.2 
2.2 mm.25
The insertion of the needle may
also affect the shape of the prostate,
depending on the access path, the size
and type of the needle, and the way
that the needles are inserted (ie, manual vs biopsy firing gun). For the
transperineal approach with manually

poor sensitivity and specificity for
imaging prostate cancer.33 TRUS
shows the contour of the gland and is
mainly used to guide the punctures
inside the global shape of the prostate
on the basis of systematic methods
and dosimetry plans. However, the
accuracy of the distribution of the
biopsies seems to be inadequate. Preliminary work with a 3-dimensional
(3D) TRUS fusion system used on 15
patients by the same clinician showed
that only 63% of planned targets were
reached under 2-dimensional (2D)
TRUS guidance.34 Three-dimensional

real-time (called 4D) systems could
potentially help the physician improve the ability to reproduce a
biopsy protocol.35
Computed tomography (CT) is used
to control seed implantation after
brachytherapy, and an acquisition can
be made simultaneously with 3D
TRUS to capitalize on the advantages
of each modality.36
Multiple groups have reported 85%
sensitivity with various MRI-based
methods for detecting prostate cancer
tumors that were larger than 1 cm.37
It seems promising that anatomic MRI
with multiparametric examinations,
such as spectroscopy, perfusion, and
diffusion-weighted or dynamic contrast imaging, may soon be able to
offer a reliable way of imaging
prostate cancer. But performing
TRUS-guided interventions on the
basis of these MRI images requires
complicated, error-prone, image-toimage registration methods.38 MRI/
TRUS fusion studies investigated
ways to correlate the 2 image sets
according to the correspondence of
several landmarks detected by ultrasound and MRI.39 The correlation is
even more difficult because TRUS
typically deforms the prostate, so
deformable registration methods are
investigated.40
An alternative is to guide the intervention according to the MRI itself,
without the TRUS.41-43 But this requires special instrumentation, which
faces significant MRI compatibility
restrictions, as discussed below.

Technical Considerations
Image-guided robots have stringent
requirements for imager compatibility, precision, sterility, and safety, as
well as size and ergonomics.44 A
robot’s compatibility with a medical
imager refers to the capability of the
robot to safely operate within the confined space of the imager while performing its clinical function, without
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interfering with the functionality of
the imager.45 Among all types of imagers the MRI is the most demanding,
and the development of MRI robots
is a very challenging engineering
task.46,47 But this also makes MRI
multi-imager compatible, if care is
taken for the selection of radiolucent
materials for the components in immediate proximity to the imaging
site.45
MRI Compatibility
MRI scanners use magnetic fields of
very high density (3 T is becoming
common), with pulsed magnetic and
radiofrequency fields. Within the im-

and require conductor materials in
which electricity is being induced
from the scanner. On the other hand,
pressure and light are ideal choices
because these are decoupled from
electromagnetism.
Actuators
Commonly, previous research has used
piezoelectric motors,46 also called ultrasonic motors. The piezoelectric effect is the ability of some crystals and
certain ceramic materials to generate a
voltage in response to applied mechanical stress. The effect is reversible,
so in motors piezoelectric crystals
change shape and produce motion

Among all types of imagers, magnetic resonance imaging (MRI) is the
most demanding, and the development of MRI robots is a very challenging
engineering task.
ager, ferromagnetic materials are exposed to very high magnetic interaction forces, and heating may occur in
conductive materials by electromagnetic induction. The use of electricity
may cause interference leading to
signal-to-noise attenuation, signal
distortions, and image artifacts. For
these, most of the components commonly used in robotics may not be
used in close proximity to the MRI.
For example, the most common type
of motor used in robots is electromagnetic, being clearly incompatible
with the MRI because it works on the
basis of magnetism.
Several nonferrous metals, such as
titanium and nitinol, have been found
to be acceptable for small parts and
are being used in commercial MRI instrumentation. However, for noninterference with electromagnetism the
ideal materials should be nonmagnetic but also dielectric (eg, plastics,
ceramics, rubbers, and glasses). From
the energetic point of view, electricity
is not MRI compatible because currents generate electromagnetic waves
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when subjected to an externally applied voltage. The problem with the
piezo effect is that the change in the

compatibility.45 A research group
from Karlsruhe, Germany, was the
first to realize this after multiple unsuccessful attempts with piezo actuation.50,51 But the major limitation of
pneumatic actuators in general has
been their reduced precision in controlled motion.52 Pneumatics is traditionally used for free-spinning motion, such as drills (MRI compatible53),
or in industrial automation, such as
opening and closing gates. No classic
pneumatic motor could collectively
satisfy the reliability, precision, and
safety required for a medical robot.
For this, we have developed a new
type of motor,54 which will be discussed later.

Manual Devices for MRI-Guided
Prostate Interventions
Because of the very stringent requirements of MRI, the development of
MRI robots is highly challenging.
Instead, a few groups have explored
the feasibility and clinical utility of

No classic pneumatic motor could collectively satisfy the reliability, precision, and safety required for a medical robot.
shape of the piezo crystal is very small
(approximately 0.1%) and is only
achieved under high voltages. To create usable motion the voltage needs to
be pulsed at high frequencies, which
create distortions if operated closer
than 0.5 m from the image isocenter.48
Piezo actuation is a compromise with
limited applicability that has been used
in the absence of a better solution.
A group from Switzerland has recently reported developments using
hydraulic actuation49 and is advocating the advantages of hydraulic
master-slave coupling for MRI
actuation.46 This is a very promising
solution if leakage can be perfectly
controlled.
Pneumatic actuation is a fundamentally flawless option for MRI
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guiding the intervention based on the
MRI not with robots but rather with
simple, manually actuated devices.
Menard and colleagues55 at the National Institutes of Health investigated the feasibility of image-guided
interventions for high-dose prostate
brachytherapy in a closed-bore MRI
scanner using a needle template guide
registered to the MRI. This study
demonstrated both the feasibility and
advantages of MRI in guidance but
also revealed the need for improved
instrumentation because numerous
scanner table moves were required to
access the patient.
The D’Amico and Tempany group56
at Brigham and Women’s Hospital
in Boston, Massachusetts, has performed multiple clinical interventions
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involving both transperineal biopsy
and brachytherapy using a 0.5-T open
MRI scanner. Specifically, they have
reported their experience with MRIguided transperineal prostate biopsy
in a patient with recurrent prostate
cancer after brachytherapy.57 They
demonstrated that 0.5-T MRI guidance was useful for targeting recurrent prostate cancer and that the open
scanner facilitated the access.
In Germany, 2 studies reported
MRI-guided biopsies in patients with
elevated prostate-specific antigen
levels and without previous TRUSguided biopsies58 and for repeat
biopsies.59
Another clinical study performed
at the National Institutes of Health
demonstrated the feasibility of performing transrectal MRI-guided
prostate biopsies and brachytherapy
in a standard 1.5-T MR scanner.60 The
approach used a custom endorectal
MR probe, which incorporated an
imaging coil, a biopsy needle, and
tracking coils. The tracking coils provided the real-time location of the endorectal probe in 3D space, and the
imaging coil was used to acquire the
anatomic images that were used to
target the biopsy.61-63 A recent report
showed improved cancer detection in
MRI-guided biopsies but only for patients for whom the repeat biopsies
were not immediately following the
TRUS.64,65 This could be explained by
the advancing disease when biopsies
were performed at a later time and the
problems created by bleeding of previous biopsies, but also by the limitations of the manual device used for
guiding the biopsy.

Image-Guided Robots
for the Prostate
A robot is a motorized mechanical device controlled by a computer. A first
type of medical robot is surgeon driven, such as the da Vinci robot. These
are remotely controlled and do not

perform autonomous actions, being
controlled by the surgeon under enhanced visual feedback and with better dexterity. Yet clinical performance
may be augmented with the addition
of other information. Image-guided
robots take advantage of medical
imaging for guiding the interventions. Needle robots, or robots for interventions with needles or other
slender probes or instruments, are
connected to an imaging modality
(eg, CT, MRI, ultrasound, fluoroscopy). Targets and paths are defined in the image according to planning algorithms, and the robot aligns
and may insert the needle accordingly. This article focuses on imageguided needle robots for the prostate.
Direct Image-Guided Intervention
Direct image-guided intervention
refers to interventions for which the
imaging and intervention are performed in a single session, to distinguish these from interventions using
preacquired images. These include
real-time imaging such as TRUS or
x-ray fluoroscopy–guided procedures,
but also include volumetric imaging
that is not real time, such as CT or
MRI. The main concern with preacquired images is the change that
occurs over time and with the repositioning of the patient, and by contrast
this defines the main advantages of
DIGI.
A DIGI robot is an image-guided
robot that is integrated with the imager and operates within the environment of the imager alongside the
patient so that the intervention is
performed on the basis of the image
without moving the patient and reimaging can be immediately used for
verifications and additional guidance.
The imager and the robot are integrated in a digital system. When the
robot is embedded in the imaging system, the effect of the treatment can be
controlled and the planning updated.

For example, for thermal ablation
under MRI, the distribution of the
temperature in the prostate can be
monitored in real time,66 and the
planning could be updated in case of
modification of the shape of the
gland. Indeed, there are numerous
challenges and current technology
limitations to the DIGI approach, such
as the temporal frequency and spatial
resolution of the imagers, the mechanical performance of the robot,
and other imager compatibility constraints, but innovative research has
already produced a few promising
prototypes.
Prostate DIGI Robots
From a historic point of view, the first
image-guided robot intervention on a
human was performed in the late
1980s to obtain a brain biopsy in a CT
scanner.67 The first robot for the
prostate and in fact for urology was
developed at the Imperial College in
London in 1989 for transurethral resection of the prostate.68
The earliest work for MRI-guided
prostate intervention robots was performed at Brigham and Women’s Hospital in collaboration with the Agency
of Industrial Science and Technology/
Ministry of International Trade and
Industry (AIST-MITI, Ibaraki, Japan).69
A robotic intervention assistant was
constructed for open MRI to provide a
guide for needles and probes.70 To
minimize image interference from the
piezoelectric motors, the robot had
to be located distally, at the top of
the imager between the vertical
coils of the MRI. To operate at the
isocenter, long arms had to be extended, which made them flexible.
The system assists the physician by
positioning a needle guide for manual needle intervention. Applications included prostate biopsy and
brachytherapy.71,72 A new graphic
planning interface has been recently
tested with phantom experiments,73
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but resolution and functional imaging are limited by the low magnetic
field of the open MR.
The Institute for Medical Engineering and Biophysics (Karlsruhe,
Germany) reported several versions of
a robotic system for breast lesion
biopsy and therapy under MR guidance.50,51 Their last version used a
cylinder for driving an end-effector
axis,48 and their report gives a wellreasoned presentation of these advantages. This German institute is no
longer active, but fortunately a spinoff company was created. The company (Innomedic, Berlin, Germany) is
developing a pneumatic robot for
general CT- or MRI-guided needle
procedures.74 The robot orients the
needle about the axial-sagittal planes
for interventions targeting abdominal
organs. However, a group from
Frankfurt, Germany, has recently used
the Innomotion system (Innomedic)
for targeting the prostate.75,76 The limitations of the robot restricted access
to the transgluteal path (prone patient
with needle pointing down), for
which the needle path is much deeper
than normally used (approximately
14 cm reported in the cadaver experiment).76 A 15-gauge needle was used
to prevent deflections. Manual needle
insertion was performed through the

guide after retracting the table from
the scanner. The Innomedic system is
not approved by the US Food and
Drug Administration, and its designed
application range does not include
the prostate, but it is approved for
clinical use in Europe and is a commercial DIGI robot.
Professor Brian Davies of the Imperial College in London, who pioneered
the application of robots in urology,
has also reported the development of
a simple robot that performs similar
to but replaces the brachytherapy
template.77 Rotation about the axis of
the needle is added to reduce needle
deflections. The system uses 2D TRUS
guidance, and the report describes
successful preclinical testing.
Three-dimensional reconstruction
from a regular 2D TRUS probe is also
being investigated for image guidance.78,79 This was integrated with a
robot in a system for prostate
brachytherapy or biopsy. Mock-up
tests demonstrated a precision on the
order of 1 mL, and a clinical study for
biopsy is in progress.79
The Thomas Jefferson University
(Philadelphia, PA) is pursuing a multichannel concept for percutaneous
prostate interventions. Unlike the typical single-channel robotic system or
conventional manual technique, the

designed multichannel robotic system
is capable of inserting a large number
of needles concurrently80 for the purpose of increasing targeting accuracy
with better prostate stabilization.
MrBot Robot for Direct MRI-Guided
Prostate Interventions
Our team developed an “MRI Stealth,”
fully automated robot for transperineal prostate access, the MrBot. It is
mounted alongside the patient (Figure 1) in the MR imager and can be
precisely operated from the control
room under image feedback.81 The
Internet site for the device (http://
urology.jhu.edu/urobotics/projects/
MrBot/) shows several movies of the
robot.
The robot presents 6 degrees of
freedom (DOF): 5 for positioning and
orienting the injector and 1 for setting the depth of needle insertion. The
needle is inserted with high velocity
to prevent soft tissue deflections. Various needle drivers can be mounted in
the robot for performing various needle interventions. The first driver was
developed for fully automated lowdose (seed) brachytherapy.31 Compared
with the classic template of needle
guide holes commonly used in TRUS
interventions, the robot gives additional freedom of motion for better

Figure 1. MrBot robot alongside the man on the magnetic resonance imaging table: computer-aided design rendering (left), and photo (right).
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Figure 2. MrBot robot connected with
7-m-long hoses to its control cabinet.

targeting. For example, the skin entry
point may be chosen ahead of time,
and targeting can be performed with
angulations, which is impossible with
the template. As such, multiple needle
insertions can be performed through
the same skin entry point. Moreover,
angulations also allow reduction of
pubic arch interference, thus allowing
for targeting otherwise inaccessible
regions of the prostate.
The robot is controlled from a unit
remotely located outside the imager’s
room, either in the control room of the
imager or another proximal space. The
robot is connected to the control cab-

inet by a bundle of hoses (Figure 2).
This allows for all MRI-incompatible
components of the system to be
located outside the MRI room.
The MrBot robot was constructed to
be multi-imager compatible, which
includes compatibility with all classes
of medical imaging equipment (ultrasound-, x-ray–, and MR-based imagers). All robotic components are
constructed of nonmagnetic and dielectric materials. To overcome MRI
incompatibilities, a new type of motor
was purposely designed for the robot.
This motor, the PneuStep, is a pneumatic motor using optical feedback

with fail-safe operation,54 and it is the
only fully MRI compatible motor (see
how the motor works at http://
urology.jhu.edu/urobotics/projects/
PneuStep/).
Precision tests in tissue mock-ups
yielded a mean seed placement error
of 0.72  0.36 mm.82 With different
needle drivers, the MrBot applies to
various automated DIGI, such as
biopsy, therapy injections, and thermal or radiofrequency ablations. The
system is presently in preclinical testing with cadaver and animal experiments, but tests show very promising
results, and clinical trials are expected
to commence in the near future.

Conclusions
Image-guided robots not only augment the physician’s manipulation
capabilities but establish a digital
platform for integrating medical
imaging data. This gives robots abilities unattainable to humans because,
unlike humans, robots and imagers
are digital devices. Direct image guidance allows for monitoring, updating
the intervention according to recently
acquired images, and performing quality control at the end of the procedure.

Main Points
• Accurate needle delivery mechanisms could be used to advance current prostate biopsy procedures. For example, primary biopsies could better follow systematic plans, repeat biopsies could be tailored to target regions unsampled in previous biopsies, and
expectant management biopsies could resample critical regions within the prostate.
• A direct image-guided intervention (DIGI) needle delivery mechanism is best implemented by a computer-controlled device—a
robot of special design and control architecture.
• The authors’ team has developed the MrBot, a fully automated robot for transperineal prostate access. It is mounted alongside
the patient in the magnetic resonance imager and can be precisely operated from the control room under image feedback.
• With the MrBot, multiple needle insertions can be performed through the same skin entry point. Moreover, angulations also allow
reduction of pubic arch interference, thus allowing for targeting otherwise inaccessible regions of the prostate.
• The MrBot robot was constructed to be multi-imager compatible, which includes compatibility with all classes of medical imaging equipment. All robotic components are constructed of nonmagnetic and dielectric materials, and to overcome MRI incompatibilities, a new type of motor (the PneuStep) was purposely designed for the robot.
• With a DIGI robot, the physician does not directly control the robot but defines its tasks and monitors its actions on the basis of
the image. Clinical performance no longer depends on the physician’s three-dimensional cognition and motor skills; thus he or
she is free to concentrate on the critical clinical aspects of the intervention.

VOL. 11 NO. 1 2009

REVIEWS IN UROLOGY

13

4. RIU0386_03-13.qxd 3/13/09 4:22 PM Page 14

Robotic Prostate Needle Interventions continued

These robots bring new dimensions to
typical vision-based surgeries and diagnosis imaging. The physician does
not directly control the robot but defines its tasks and monitors its actions
on the basis of the image. Clinical
performance no longer depends on
the physician’s 3D cognition and motor
skills; thus he or she is free to concentrate on the critical clinical aspects of
the intervention. These new characteristics have the potential to improve
how current procedures are performed
and allow for new, advanced diagnostic and therapeutic methods to be
developed. Image-guided robots are
expected to become a new generation
of robots in medicine. No commercial system exists yet, but several
robots that allow prostate interventions to be performed under direct
guidance are under development.
Most promising are MRI-guided robots that can take advantage of the
high-resolution anatomic and special
functional imaging and operate
alongside the man in the MRI scanner to remotely access the prostate
with special needles for biopsy and
therapeutic interventions.
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