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Surgery can keep people healthy and even save lives—from fixing
broken bones to treating serious diseases—but it is also one of
the most complex things doctors do. In a busy operating room,
teams must work together closely and make fast decisions, and
even small mistakes can have serious consequences. In this article,
we explore how new technologies, such as surgical robots and
artificial intelligence (Al), are beginning to support surgical teams.
Robots can help surgeons move tools with great precision and reduce
tiring physical work, while Al systems can analyze information from
cameras, monitors, and sensors to help teams notice important
changes during an operation. These tools do not replace human
experts. Instead, they act as helpers that support teamwork, safety,
and decision-making. We also explain why careful training, clear
rules, and fair access are important, so that these technologies can
improve surgery for patients everywhere.
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SURGICAL TEAM

A group of trained
healthcare workers
who work together
during an operation,
including surgeons,
nurses, anesthetists,
and others who help
keep the patient safe.

VITAL SIGNS

Basic body
measurements, such as
heart rate, breathing,
and blood pressure,
that show how well a
person’s body is
working during surgery.

SURGICAL ROBOTS

Machines that surgeons
control to help perform
certain tasks during an
operation, such as
holding cameras or
moving tools with
steady,

precise motions.

ARTIFICIAL
INTELLIGENCE

Computer systems that
can analyze large
amounts of
information, recognize
patterns, and help
people make decisions,
without thinking or
acting on their own.
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SURGERY IS A TEAM EFFORT—AND THE TEAM IS
CHANGING

Have you ever had surgery, or seen an operation on television? Surgery
helps doctors fix many health problems, from removing an infected
appendix to repairing broken bones, removing tumors, or replacing
damaged organs. Around the world, millions of people need surgery
every year [1].

If you have seen a surgery, you probably noticed that the operating
room is a busy place. Monitors beep, lights are bright, and the surgical
team buzzes about doing their jobs. While the surgeon focuses on the
operation itself, nurses prepare the patient and hand over instruments,
an anesthetist makes sure the patient is “asleep” and carefully watches
their vital signs, and other team members keep the space clean,
organized, and functioning smoothly. Everyone has a specific role, and
teamwork is just as important as the surgeon’s skills.

Surgery is one of the most challenging aspects of medicine. The
human body is complex, and every patient—and therefore every
operation—is unique. Surgical teams must often make decisions very
quickly or with limited information, and even tiny missed signals or
minor communication breakdowns can quickly turn serious. Problems
during or after an operation are one of the leading causes of
death worldwide [2]. Medical researchers are always looking for
better ways to make operations easier for surgical teams and safer
for patients.

Two kinds of technology are starting to help surgical teams
work more safely, precisely, and efficiently: surgical robots and
artificial intelligence (Al). As you will learn, these tools are not meant
to replace doctors or nurses—however, over time, they may change
how surgical teams work.

SURGICAL ROBOTS: MACHINES THAT HELP WITH
OPERATIONS

Surgical robots are machines designed to help with specific physical
tasks during an operation [3]. Some surgical robots can hold cameras
that provide a clear, magnified view inside the body. Others move
instruments, such as scissors or graspers, with steady, precise motions
that can be difficult for human hands to repeat over long periods of
time. Surgical robots are already used in certain kinds of surgeries
where surgeons must work in tight spaces while protecting nearby
nerves and organs. They are also used for certain abdominal surgeries
in which surgeons work through very small openings rather than
making large cuts (Figure 1A). Generally, the surgeon sits nearby and
controls the robot's movements, often while watching the operation
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Figure 1

A surgical robot at
work. (A) Some surgical
robots can work
through very small
openings instead of
making large cuts,
which can make it
easier for the patient to
recover. (B) Typically,
the surgeon sits at a
screen nearby and
controls the robot's
movements remotely.

Figure 2

In addition to
performing surgeries,
current trends in
technology indicate
that robots might be
able to help the
surgical team with
other operating room
tasks, such as
positioning the patient,
selecting and handing
over instruments,
performing CPR or
other emergency
responses if necessary,
taking images of the
patient (such as x-rays),
cleaning floors or
equipment, delivering
supplies, and
controlling the
environment in the
room.
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on a screen (Figure 1B). Researchers are also beginning to explore
robots that can help with other tasks in the operating room, such
as passing instruments or helping keep the surgical area clean
(Figure 2).
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SENSORS

Devices that detect
changes in things such
as movement, pressure,
sound, or body signals
and send that
information to
machines

or computers.

Figure 3

Al systems consist of
software that runs on
computers. When
connected to operating
room equipment,
surgical Al helpers can
act like an extra set of
eyes and ears,
collecting more data
than any human could
ever keep track of. Al
looks for patterns in all
of this information and
can then communicate
with the surgical team
to keep them on track
and warn them if
something unusual is
happening.
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Surgical robots are powerful tools that can extend what human hands
can do, making operations more controlled and less tiring for the
surgical team. However, they have their limits. For example, robots do
not make decisions like when or where to cut [4]. Those choices are
always made by trained medical experts, and humans always remain
responsible for the operation. Because surgical robots are complex
medical devices that keep evolving, researchers evaluate them step by
step and monitor how well they perform over time [5].

ARTIFICIAL INTELLIGENCE: COMPUTER SYSTEMS THAT
ANALYZE AND ASSIST

Al is a newer addition to the operating room. While it is not yet a central
part of most operations, researchers are excited about how it might
support surgical teams in the future [6, 7].

Unlike robots, Al is not a physical machine that holds instruments or
touches the patient. Instead, it is software that runs on computers
connected to operating room equipment. Al systems can collect lots
of information from cameras, microphones, patient monitors, and
sensors on surgical tools, and even combine operating room data with
a patient’'s medical history (Figure 3). No single person could easily
watch, listen to, and interpret all of this information at once, but Al
systems can organize it and look for important patterns.
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For example, an Al system might recognize which step of a surgery is
happening and share that info with the team, helping everyone stay
coordinated—especially during long operations when team members
may change or take breaks. Al systems might also watch how a surgery
is unfolding. For instance, Al might notice when a step takes longer
than expected or when a patient’s vital signs change, and alert the team
so they can take a closer look to see if there is a problem. Basically, Al
acts like an extra set of eyes and ears, quietly keeping track of the big
picture and pointing out changes that team members might miss if
they are tired or too busy.

Like surgical robots, the goal is not for Al to “take over” an operation.
It acts more like a surgical “copilot” that monitors what is happening,
while the "pilot"—the surgeon—remains in charge.

TRAINING Al FOR THE OPERATING ROOM

Before doctors and nurses are allowed to work in an operating
room, they go through years of training: studying anatomy, practicing
procedures, and learning how to respond when things do not go as
planned. In a different way, Al systems also need training before they
can be used during surgeries.

Training an Al system means giving it many examples of past
operations to learn from. These examples can include videos showing
how past surgeries unfolded, information about the condition of
patients before surgery, records of what happened during operations
(such as how long various steps took or how the patient’s vital signs
changed), and notes about what happened afterward, including how
well patients recovered. By “studying” hundreds of past surgeries, Al
systems learn to recognize patterns linked with smooth operations and
quick recoveries, versus patterns that appear more often in surgeries
that lead to complications.

Where the training examples come from matters. If most of the
examples come from certain kinds of hospitals, from wealthier
countries, or from only certain types of patients (such as mostly
adults or mostly men), the Al may work best in those situations but
not as well in others [8]. For example, an Al system trained primarily
on surgeries from large hospitals with advanced equipment might
struggle when used in smaller hospitals that have different tools or
fewer resources. Collecting large amounts of high-quality training data
from many different hospitals and patient groups can be difficult, and
researchers are working on better ways for hospitals to safely share
and combine data.

Even if Al systems are well trained, researchers must spend a lot of

time testing them to make sure they work safely and reliably. They
need to check how well the systems perform across different hospitals,
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procedures, and patient groups, and look closely at where the systems
fall short and where they need improvement.

WILL MACHINES TAKE OVER SURGERIES?!

At this point, you might be wondering whether robots and Al will
eventually replace human surgeons altogether. The short answer is
no—not anytime soon.

Even when robots and Al systems work exactly as designed, they
cannot run a surgery on their own. Surgery rarely follows a perfectly
fixed plan, and unexpected events can happen quickly. As we
explained, machines respond only to the situations they have been
prepared to handle, which means they can make mistakes when
situations change or when something unusual happens [9]. They
cannot yet step back, rethink goals, or adapt creatively to a brand-new
problem. Only human experts can do that.

Although robots and Al will not replace surgical teams, they will
change how those teams work together. Surgeons will spend less time
physically holding tools and more time watching over how the surgery
is progressing, making decisions, and guiding the rest of the team.
If robots handle routine tasks like handing tools to the surgeon or
keeping the surgical area clean, other team members will also be able
to focus more on overall patient care.

As these technologies become more common, surgical teams will
need new kinds of training. Team members will have to learn how to
work with surgical robots, understand information from Al systems,
and decide when that information is helpful—and when it is not helpful
or even wrong. New types of jobs will probably be created too, such
as specialists who help manage surgical robots or Al systems during
operations. These roles will combine medical knowledge with new
technical skills.

MAKING SURGERY BETTER FOR EVERYONE

Unfortunately, billions of people worldwide live in places where
surgery is difficult to get or not as safe as it should be. Robots and
Al will not automatically solve this problem on their own. Advanced
technologies are expensive, so at first they may be available mainly in
larger hospitals or wealthier parts of the world. Smaller hospitals or
places with fewer resources may not have access right away. Making
sure these tools eventually benefit many different patients, in many
different settings, is a major challenge for healthcare systems.

Using powerful technologies in medicine also requires clear rules
and open communication. Surgical teams need guidance on when
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and how robots or Al should be used, and patients deserve clear
explanations about how these technologies are involved in their care.
When patients understand what a technology can and cannot do, it
helps build their trust in the medical team.

Ultimately, the future of surgery will go beyond smarter technologies.
It will involve humans teaming up with technology and using these
powerful tools carefully. Even when surgical robots and Al become
common in the operating room, human experts will still make
decisions, communicate with patients, and take responsibility for
surgeries. Surgical teams of the future will make surgery safer, more
precise, and better matched to each patient’s needs, supporting better
health for people everywhere.
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