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Haptics for
TOUCH-ENABLED
Simulation and Training

Clinicians often think of simulations as taking
place on mannequins so that staff members
can practice repeatedly until they achieve
mastery. Advanced technology, however, is
allowing computers to power far more 
realistic, guided learning experiences than on
static “dummies,” which will directly benefit
clinicians and patients while still delivering key
benefits of simulation, including the ability to
avoid the use of cadavers, animals, and live-
patient learning.

The science of 
haptics—artificial 

touch technology—is
stepping out of the

research environment
and into commercial

medical training 
applications.

By David Chen, PhD
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The science of haptics—artificial touch technology—is
stepping out of the research environment and into commercial
medical training applications. While joysticks in consumer
games offer tactile perception (sensing vibrations), haptically-
enabled medical simulations provide force feedback (sensing
the resistance of pushing against virtual objects) and are based
on sophisticated, high-fidelity haptic devices and software that
deliver greater precision, differentiation between materials such
as bone and soft tissue, and a more realistic sense of touch.

Haptics also is starting to make meaningful inroads in phys-
ical therapy applications that benefit patients and free up clin-
icians from being present at every session—they let the
computer facilitate patient training and automatically keep on-
going assessment records of performance and skill levels. A
small study done in Sweden has already demonstrated that a
touch-enabled rehabilitation device can promote upper body
motor rehabilitation, and can help restore brain function
(Broeren et al., 2004). Additionally, touch-enabled simulations
hold the potential for physician recertification.

Learning by Feel
Haptics belongs to the category of virtual reality technologies
that create an artificial environment. Mostly such experiences
are visual—either seen on a standard computer screen or via
stereoscopic displays worn by the user, as video gamers do.
Today, sounds are often part of the experience, and increasingly,
so are tactile experiences or “haptics.”

The haptics most frequently seen in medical simulation and
training uses technology known as proprioceptive “force feed-
back,” where users hold a tool or stylus that pushes back on the
user’s hand when it makes contact with virtual objects. The sty-
lus is usually powered by a motor, or in a recent case, by mag-
netic levitation forces, and programmed by software to deliver
specific levels of force or “feeling.” Such forces can be pro-
grammed to simulate the sensation of interacting with different
organs by knowing the material properties of tissue, muscle, fat,
open cavities, or more specific anatomical substructures.

Apprenticeship of surgical skills takes a great deal of time and
mentoring, and unfortunately this learning process can some-
times lead to poor patient experiences. Alternative, effective
methods for training surgeons are needed, and medical simula-
tions are providing viable solutions. There is an increasing body
of evidence that haptically-enabled training improves surgeon
performance in the operating room, which in turn can save lives.

Traditional practice for teaching procedures to surgical res-
idents is to “see one, do one, teach one” via clinician supervi-
sion with expensive bone specimens from cadavers or on real
patients. Neither option facilitates thorough, risk-free training.
Cadavers are costly and usually in short supply, with some
countries (for example, the United Kingdom) banning them
altogether. Patient-based learning—even under the highly
supervised hospital settings of today’s medical centers—inter-
jects an element of risk and malpractice concerns, particularly
with high-risk procedures such as temporal bone drilling near
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the brain, where the slightest deviation can create widespread
and permanent adverse consequences.

There are several opportunities for computer-based,
haptically-enabled training simulators to beneficially impact
medical education: guided lessons without the need for a real
mentor present, simulating real patient anatomy and functions
and the relevant anatomic variants, and automatic or batched
assessment by the teacher.Medical students can practice a proce-
dure repeatedly—an unlimited number of times—until they
learn to “feel” how a procedure is done, and be skill-tested in a
controlled, measurable environment. The touch component is
key for imparting accuracy and confidence to students learning
new procedures.

Haptically Enabled Surgical Training
Improves OR Performance
Seymour et al. (2002) showed that haptically learned training
skills do indeed transfer from a virtual-reality (VR) training sys-
tem to the OR.Gallbladder dissection was 29% faster for residents
who underwent haptically-enabled training on component tasks
involved in the surgery.Residents trained the traditional way were
nine times more likely to transiently fail to make progress,and five
times more likely to injure the gallbladder or burn non-target tis-
sue.The authors said they believe that their work sets the stage for
more sophisticated uses of VR technologies in assessment, train-
ing, error reduction, and certification of surgeons.

The same realism can also be applied to the patient rehabili-
tation realm. Broeren et al. (2004) stated that virtual reality and
haptics training can promote motor rehabilitation, demonstrat-
ing that playing a 3D computer game would improve upper
extremity motor function. The haptic feedback experienced by
the patient in the study was a key aspect of therapy; it trained
the patient’s strength, grip, wrist rotation, and other hand move-
ments. The author reported that the realism of the haptic feed-
back enhanced the game and therefore the study results.

State of Touch-Enabled Simulation
Several specialty areas have seen a surge in the availability of
haptically enabled simulators, including arthroscopic surgery
and temporal bone drilling. The reasons why simulators have
been developed more quickly for some surgical specialties than
others reflect the confluence of several factors: the move to
improve physician training and patient safety for high-risk or
difficult to learn procedures, the commitment of specialty prac-
tice boards, the interest of practicing MDs in applying comput-
er technology to their domains, and commercial interest from
startups and venture-capital investors.

There are also haptically enabled simulations for a broad
range of procedures, such as:
• Training nurse anesthetists and anesthesiologists to

perform epidurals—a procedure where a needle must
be inserted through as many as 7 layers of tissue types
before reaching the desired location to release the
injection

• Explaining how to insert a newly-designed hip joint
implant 

• Petrous bone surgery
• Spinal surgery simulation and training

In many of these domains, the haptic or touch-enabled
component provides a vital element for realistic training—
without it, the training experience is rendered far less valuable.
Blind procedures such as epidural injections are learned by feel,
something that’s hard to do when cadavers are limited and
practice on patients is too risky. Arthroscopic procedures
involve moving in a very narrow area. Surgical drilling proce-
dures can be challenging for surgeons-in-training to learn, par-
ticularly when they involve tiny, hard-to-view cavities such as
the temporal bone in the inner ear.

The work of two firms—one in arthroscopic surgery simu-
lation and the other in patient rehabilitation—demonstrate
how teaching with a sense of touch significantly improves the
training experience.

Arthroscopic Shoulder/Knee Surgery
GMV provides the insightArthroVR® simulator for training
physicians on key aspects of the arthroscopic surgery process.This
simulator teaches surgeons essential skills of triangulation,camera
orientation, and hand-eye coordination—all of which they “feel”
in this haptically enabled system. Force feedback is synchronized
with 3D visuals, but as simulation users have related, the element
of touch is vital to the simulation’s effectiveness.

The system (Figure 1) consists of a base structure; a plastic
model representing the anatomy of either the shoulder, knee
joint, or both depending on which system is purchased; two
off-the-shelf haptic devices by SensAble Technologies, which
are used to mimic the arthroscope and probe to perform the
virtual surgery; a computer monitor; and a computer that runs
software developed by GMV containing 3D anatomical mod-
els and learning modules.

The insightArthroVR® is used for both knee and shoulder
arthroscopy, and students use two haptic devices—one in each
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Figure 1. The insightArthroVR® trains physicians on key aspects of the arthroscopic

surgery procedure. 

Photo courtesy of GMV.

Touch-Enabled Simulation
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hand. In the case of knee arthroscopy, when the surgeon in
training views a 3D image of the knee on screen, and performs
a simulated procedure using the haptic stylus as his or her tool,
the bone, cartilage, ligaments, and meniscus all “feel” different
depending on the virtually touched anatomic structure. For
instance, they must mark the entry points for femoral and tib-
ial tunnels in the cavity, as part of learning the anterior cruciate
ligament procedure, repeating the process until the “feeling”of
it is mastered. In shoulder arthroscopy, they can feel the gleno-
humeral joint and the subacromial space, including bone, car-
tilage, labrum, ligaments, and tendons. GMV’s team used
SensAble’s software toolkit to program the specific feedback so
that the haptic devices could precisely deliver the correct forces
to the student’s hands.

The haptic devices in the knee simulator enable the surgeon-
in-training to orient the virtual arthroscope and the probe in the
same positions that are required during the real surgery. For
shoulder arthroscopy, the system also lets surgeons in training dif-
ferentiate between the feeling of healthy anatomy and pathologi-
cal conditions. For instance, the SLAP lesion refers to an
insufficient insertion of the labrum (and biceps tendon) in the
scapula. Students can check it by pushing the labrum with the
probe. If the labrum moves in the biceps insertion and allows the
probe to enter between them, it signifies a SLAP lesion. The sim-
ulator lets students learn the difference in the tissues by feeling it.

Arm/Hand Skill Rehabilitation 
for Stroke Victims
Curictus, a Swedish-based firm, applies haptics to stroke rehabili-
tation for patients in a Curictus Neurorehabilitation System that
combines immersive computer game-style content, telemedicine,
and skills assessment.Stroke victims often need extensive practice
to retrain the muscles of the arm and hand to perform everyday
tasks and to train the brain to restore its functionality.Additional-
ly, this haptically-enabled computer application offers a capable
“stand-in”to replace some personal sessions with a clinician.

In the Curictus Neurorehabilitation System (Figure 2), hap-
tics provides the learning experience. The system includes a 3D
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Curictus Neurorehabilitation System

www.mednet.gu.se 

www.curictus.com

GMV,  insightArthroVR virtual reality arthroscopy trainer

www.gmv.com/insight

ToLTech,Virtual Reality Knee Arthroscopy Simulator

www.toltech.net/products/arthroscopy/index.htm

Medic Vision Ltd., Mediseus Surgical Drilling Simulator

www.medicvision.com.au/index.html

SensAble Technologies, haptic devices

www.sensable.com
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