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Augmented dexterity: How robots can enhance human 
surgical skills
Ken Goldberg1* and Gary Guthart2

Advances in AI and robotics have the potential to enhance the dexterity of human surgeons.

Surgery is a highly respected profession for 
good reason: Surgery requires many years 
of training to acquire detailed knowledge 
of human anatomy and medicine. The best 
surgeons combine that knowledge with ex-
traordinary manual dexterity that they use to 
treat their patients and help them recover. A 
surgeon’s dexterity often separates the good 
surgeons from the great ones. Fortunately, 
emerging advances in artificial intelligence 
(AI) and robotics now have the potential to 
narrow this gap.

Last year, more than 2 million surgeries 
were performed with robotic systems like 
Intuitive’s da Vinci (1), which facilitates mini-
mally invasive (“keyhole”) surgery to help 
reduce pain, blood loss, scarring, complica-
tions, and recovery time in many procedures 
involving the appendix, colon, gall bladder, 
prostate, and others. These robots are very 
sophisticated, but nearly every movement 
is determined by human surgeons. This is 
because surgery is extremely sensitive to 
errors—there are a vast number of rare 
but potentially dangerous edge conditions, 
and the consequences of even a single failure 
can lead to a serious adverse event, so it may 
be a very long time before fully autono-
mous robots are sufficiently safe and reliable 
for the operating room. Moreover, surgeons 
and patients may be fearful of fully autono-
mous surgical robots, and there may be 
substantial regulatory and legal barriers to 
getting them approved.

However, recent advances in AI are open-
ing the door to augmenting surgeons’ skills 
when performing specific subtasks, such as 
suturing, debridement, and resection. Instead 
of the term “autonomous,” which can sound 
threatening to surgeons and patients, we pro-
pose the term “augmented dexterity” to de-
scribe systems in which surgical subtasks 
are controlled by a robot under the close 

supervision of a human surgeon who is ready 
to take over at a moment’s notice.

Augmented dexterity is related to aug-
mented reality, where digital images are over-
laid on top of live images, and is related to 
human supervisory control (2). Augmented 
dexterity has the potential to elevate good 
surgeons to the level of the best surgeons, 
which could support safer, faster, and more 
reliable surgery. Intuitive Surgical’s da Vinci X, 
Xi, and 5 systems are taking the first steps 
toward augmented dexterity, and research-
ers are exploring how emerging advances 
in AI and robotics can facilitate augmented 
dexterity (3, 4).

Surgical robots are imprecise because the 
motors that drive them must remain outside 
the patient’s body. The metal cables that adjust 
tool positions are long and prone to back-
lash. Human surgeons learn to compensate 
for these challenges, but we found that the 
da Vinci Research Kit (dVRK) was challenging 
to control accurately without human super-
vision. We recently showed that a deep neural 
network can learn how to compensate so that 
the robot could perform a common surgical 
training task called a peg transfer at accuracies 
and speeds on par with (and in some cases 
better than) those of an expert surgeon (2).

Suturing is a tedious subtask. It requires 
careful placement of sutures to balance tis-
sue forces to reduce the chances of infection 
and scarring, to speed healing, to prevent 
the joined tissues from tearing apart, to pre-
vent leaking of bodily fluids, and to avoid tissue 
necrosis. Currently, surgeons rely on intuition 
and a force model developed for straight 
lacerations to plan sutures. We recently de-
veloped an extension that works for straight 
and curved lacerations. Our software analyzes 
a photo of the laceration, then computes and 
displays an overlay showing the precise place-
ment of each suture to optimally distribute 

forces across the laceration. The surgeon can 
use a mouse to adjust the resulting overlay and 
then use it to guide suturing (5).

Even with guidance, given that suturing 
skill varies widely between surgeons, it would 
be valuable to augment surgical suturing dex-
terity. Although initial results have been dem-
onstrated in research laboratories (6, 7), one 
challenge is to securely transfer a thin surgical 
needle back and forth between gripper tools 
and to manage the slack in surgical thread.

Another surgical subtask is debridement—
the removal of damaged tissues or foreign 
fragments from a wound. Debridement can be 
very tedious and time consuming; it is very 
easy for a surgeon to overlook fragments, 
which can lead to infections. We conjecture 
that augmented dexterity could be applied 
to debridement by using a surgical camera 
and robot system to systematically identify 
and remove fragments under close supervi-
sion of the surgeon, who is ready to take over 
if the system misidentifies a discolored human 
tissue as a foreign fragment. Researchers 
have achieved limited augmented dexterity 
for suturing (8) and surgical debridement in 
laboratory conditions, but research is still 
needed to extend these results and evaluate 
them in vivo.

Augmented dexterity can also facilitate 
telesurgery by addressing the problem of in-
herent time delays of optical and electrical 
signals, which cause any direct control loop 
to be unstable. Remote mentoring allows an 
expert surgeon to mentor a remote surgeon 
to complete a complex robotic case. Today, 
the remote expert interacts using video and 
voice and overlays into the surgery through 
the cloud. In the future, telesurgery, which 
allows control of the robot at a distance, 
could provide access to skilled surgeons 
thousands of miles away, depending on a 
number of factors, including the availability 
of reliable infrastructure, regulatory approval 
and licensing, and experienced teams that 
can manage the new dynamics of a remote 
configuration (9).
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The field of robotics is evolving rapidly 
with advances in AI, including deep learn-
ing and generative AI (4, 10). These advances 
have the potential to allow augmented dex-
terity to make surgery safer, faster, and more 
reliable for patients worldwide.
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