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Depression is a common and disabling mental illness that can be 
difficult to treat and lasts a long time. Typical treatment options 
for depression are antidepressant medications and psychological 
therapies, which are helpful for some people but do not work for 
everyone. The underlying cause of depression is not well-understood, 
but one key problem is that brain cells do not communicate with 
each other as well as they should. Transcranial magnetic stimulation 
is a technique that can help to improve the communication between 
brain cells and this technique improves depression in many people 
who do not get better with antidepressant medication. However, this 
treatment is often not available to many patients with depression 
who may benefit from it, because it is expensive and takes up a lot of 
the patients’ time. Researchers are now working toward making this 
treatment more accessible, so that many more people with depression 
can benefit from it.
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BRAIN CELLS NEED TO COMMUNICATE WITH EACH OTHER

The human brain is made up of billions of cells called neurons. There 
are an average of 100 billion neurons in our brains [1]! Are you won-
dering how all those neurons fit inside our heads? It is because they 
are very small (<0.5 mm in diameter) and packed together very tightly. 
There are many different types of neurons and they all have dif-
ferent jobs. To do their jobs well, they have to work as a team and 
communicate with each other. It is like doing a group assignment 
in school, in which all the students on a team are assigned differ-
ent tasks to complete the project. If one person does not do her/his 
part, then it will impact the rest of the team! Neurons communicate 
with each other through “chemical signaling,” a process in which 
they exchange chemicals called “neurotransmitters.” This is how it 
happens: an “action potential” is an electrical impulse that travels 
through a neuron, triggering it to release neurotransmitters into a 
small gap found in between two neurons, called a “synapse.” Then, 
the neuron on the other side of the synapse takes up the neuro-
transmitters, which then generates an action potential that travels 
through this neuron. This process continues in several neurons that 
are connected to each other. Have a look at Figure 1C to see how 
neurons communicate with each other. Our abilities to pay attention 
to things in the environment, to remember what we learn and expe-
rience, to make decisions every day, and to manage our emotions 
all depend on how well our neurons work together as a team. When 
neurons cannot do their jobs properly, there is a domino effect on 
other neurons and because of this, important brain functions can-
not be carried out properly. This is what happens to the brain when 
people experience a mental illness.

Figure 1

Figure 1

(A) When a TMS pulse is 
applied to the brain, 
action potentials are 
generated in the 
neurons under the skull. 
(B) When an action 
potential happens, the 
electrically charged 
neuron becomes more 
positively charged, a 
process called 
depolarization. (C) 
When the action 
potential travels 
through the neuron, the 
neuron releases 
neurotransmitters into 
the synapse, the space 
in between neurons. 
The neurotransmitters 
are then taken up by 
the second neuron, 
triggering an action 
potential in that neuron.

NEUROTRANSMITTER

A group of chemical 
messengers that are 
exchanged between 
neurons as they 
communicate.

ACTION POTENTIAL

The electric impulse 
that travels through a 
neuron, changing the 
electric charge of the 
neuron.

SYNAPSE

The gap in between 
two neurons where 
neurotransmitters are 
exchanged in 
communication 
between the two 
neurons.
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WHAT IS IT LIKE TO HAVE DEPRESSION?

Depression is the most common mental illness [2]. 4.4% of the world’s 
population suffers from depression. This is an alarming 322 million peo-
ple, which is about the total population of the U.S.A! For most people, 
depression starts when they are young, before 30 years of age, and 
as depression often lasts a long time, many people suffer from it for a 
large part of their lives [3]. People with depression experience prolonged 
periods of feeling very sad and/or lose the ability to feel pleasure. They 
commonly describe a feeling of emptiness, worthlessness, guilt, loss 
of hope, or lack of interest in many activities they used to enjoy. These 
feelings are often accompanied by other symptoms, such as trouble 
thinking clearly or carrying out day-to-day tasks, difficulty sleeping at 
night, feeling fatigued during the day, and reduced appetite. Depression 
is the leading cause of disability world-wide and many people who 
suffer from it cannot function well-enough to work, study, or maintain 
their relationships with family and friends.

HOW CAN WE IMPROVE COMMUNICATION BETWEEN 
NEURONS TO HELP PEOPLE WITH DEPRESSION?

Scientists do not fully understand all the complicated brain changes 
that cause depression. We know that there are several factors that 
play a role. Two of these factors are the abnormal activity of many 
different types of neurotransmitters and reduced ability of neurons 
to fix themselves when they malfunction [4]. Together, these fac-
tors result in poor communication between neurons in many regions  
of the brain.

Antidepressant medication can help people with depression by improv-
ing communication between neurons. While antidepressants work for 
many people with depression, at least half of patients are not able 
to achieve or sustain full recovery from their depression with antide-
pressants [3]. Another problem with antidepressants is that they cause 
undesirable side effects, such as weight gain, which can lead to other 
health problems. These side effects occur because medications that 
are swallowed are absorbed through the gut, and therefore affect cells 
throughout the body, not just in the brain. Psychological therapy (also 
called talk therapy) is also widely used to treat depression. It involves 
the patients seeing psychiatrists or psychologists who guide them to 
learn how to think about their feelings of depression differently. By 
training yourself to change the way you think about your feelings, you 
are organizing the neurons in certain regions of the brain so that they 
get better at communicating with each other [4]. The problem with 
psychological therapy is that it also does not work for all patients and 
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it can take many months or even years before depression symptoms 
are treated. So, the treatments we typically use for depression have 
limitations and it is very important for researchers to find new, more 
effective treatments.

USING A MAGNETIC FIELD TO CHANGE THE ACTIVITY OF 
NEURONS

As described in 1831 by the famous physicist Michael Faraday, a brief 
magnetic field applied to a material that conducts electricity will gen-
erate an electrical current flow [5]. Do you remember that an action 
potential is an electrical impulse that travels through a neuron? This 
means neurons are electrically charged and can conduct electricity! So, 
applying a magnetic field will cause current to flow through the neu-
rons and this can alter their activity. To alter the activity of neurons, the 
electric field must be strong enough to generate an electrical current in 
the neurons as well as in the synapses in between them [1]. When the 
electric charge is strong enough, the neuron will become “depolarized,” 
meaning that it becomes more positively electrically charged. Have a 
look at Figure 1B showing the change in electric charge over time during 
an action potential. When a neuron is depolarized, an action potential 
is produced. When the action potential reaches the end of the neuron, 
it triggers the release of neurotransmitters. The neurotransmitters then 
attach to “receptors” on the next neuron across the synapse, and these 
receptors take up the neurotransmitters into the receiving neuron. This 
then triggers depolarization in this neuron and then, an action poten-
tial. Figure 1 illustrates these processes. Now, can you imagine how 
applying current flow to neurons on the surface of the brain can set 
off a domino effect of communication to all the other neurons that are 
connected to it through synapses?

STIMULATING THE BRAIN WITH MAGNETS CAN IMPROVE 
DEPRESSION

In 1985, a device was invented that could alter the activity of neurons by 
applying a magnetic field on the scalp, a technique called TMS, which 
stands for transcranial magnetic stimulation [5]. Transcranial means that 
the magnetic field goes through the cranium (or skull) and magnetic 
stimulation refers to the use of a magnetic field to stimulate the neu-
rons beneath the cranium. When TMS was first invented, researchers 
were very excited to use it to figure out which parts of the brain were 
connected to the different parts of the body. For example, they learnt 
that applying TMS to a certain part of the scalp made a person’s hand 
twitch! This is how the part of the brain responsible for controlling hand 

DEPOLARIZATION

When a neuron’s 
electrical charge 
becomes more positive, 
which occurs during an 
action potential.

TMS

Transcranial magnetic 
stimulation; a technique 
in which a magnetic 
pulse is applied to the 
scalp and travels 
through the skull to the 
brain, where it induces 
an electric current in 
neurons.
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muscle movements was discovered! Interest in whether TMS could treat 
depression grew in the 1990’s, when the first research studies using 
brain scanning to look at pictures of the brain in depression were carried 
out. These studies showed that the left side of the pre-frontal cortex, 
a region of the brain, was underactive in depression, leading research-
ers to question whether they could use TMS to increase the activity of 
neurons in this brain region. The initial findings of TMS applied to the 
left pre-frontal cortex for depression found that depression symptoms 
improved, which was very exciting! Have a look at Figure 2 to see the 
pattern of electrical activity when TMS is applied on the pre-frontal 
cortex of the brain.

There has been a tremendous amount of research on TMS treatment 
for depression in the past 20 years. Typically, TMS treatment consists of 
20 min of treatment, 5 days a week, for 4 weeks. In Figure 3, you can 
see a photo of a patient receiving TMS. TMS is quite safe. The common 
side effects are mild, such as a mild headache, and severe side effects 
are very rare. As you can see in Figure 4, compared with antidepressant 
medication, there are many fewer side effects seen with TMS, and these 
side effects occur only around the scalp and not throughout the body. 
Several very careful studies performed on large numbers of patients 
have shown that TMS applied to the left pre-frontal cortex is effective 
for treating depression in people who do not improve with antidepres-
sants. TMS has even been shown to improve the thinking skills that 

Figure 2

Diagram of the 
electrical activity 
generated in the brain 
when TMS is applied to 
the left pre-frontal 
cortex. Each picture 
shows the brain from 
different angles. Cooler 
colors indicate 
increasing negative 
electric charge and 
warmer colors indicate 
increasing positive 
electric charge. These 
pictures clearly show 
how much of the brain 
is stimulated by TMS 
applied to the scalp.

Figure 2
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are normally affected in depression. These positive results have led 
to the approval of TMS as a treatment for depression by several gov-
erning bodies world-wide. However, like other depression treatments, 
TMS does not work for everyone—it works for about half the patients 
for whom medication does not work. Every year, TMS gives patients 
with depression new hope and changes thousands of lives. Here is an 
example of what one of our patients who received TMS for depression 
at the Monash Alfred Psychiatry Research Centre (Australia) said: “I had 
been in and out of hospital for months and tried every antidepressant 
ever made … then my psychiatrist suggested TMS, and after the first 
session I already felt much better. For the first time in years, I could 
think clearly and make rational decisions. I felt on top of the world, like 
it saved my life.”

THE FUTURE OF TMS TREATMENT FOR DEPRESSION

Since TMS has to be performed by medical professionals and it takes a 
lot of time, TMS is expensive and not all patients can afford it. Our goal 
now is to make TMS more accessible, so that many more patients can 

Figure 3

Figure 3

A patient receiving 
transcranial magnetic 
stimulation.

Figure 4

Figure 4

Comparison of side 
effects people 
experience with 
antidepressant 
medication versus TMS 
treatment. You can see 
that TMS treatment 
results in fewer side 
effects than 
antidepressant 
medication.
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benefit from it. We are helping to make TMS accessible by researching 
ways to shorten the TMS treatment course and lobbying for some of 
the costs to be covered by health insurance or government-provided 
healthcare. Offering hope to patients with depression, particularly those 
who do not have other treatment options, makes the area of TMS 
research incredibly important and valuable.
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