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THE
HEART
KNOW ITS
NAME

The heart is the
hardest-working organ
in the body. Every cell,
from the neurons firing
in our brains to the
vessels in the tips of
our toes, depends on
blood surging from
this mighty muscle to
grow and function.
If it stops working, you
typically only have a
few minutes before
the rest of your body
begins to shut down
and you’re a goner!

THE ROYAL
CHAMBERS

THE

BODY ISSUE
TA K E A P E E K B E N E AT H Y O U R S K I N I N T H I S
SPECIAL HOW-IT-WORKS SECTION. BONES, BLOOD, BURPS —
WE'VE GOT IT ALL.

The heart has four
chambers that contract
and relax, pumping
blood through a
network of arteries
and veins called the
circulatory system.
The upper chambers
are called atria, and
the lower ones are
ventricles.

WHEEEEEEEE!

As blood travels
through your circulatory
system, it delivers
oxygen and nutrients
throughout your body.
Blood cells that have
dropped off their
oxygen enter the right
side of the heart in
order to refuel. There,
the heart pumps the
blood into the lungs,
where it picks up
oxygen. After being
replenished, the
red blood cells turn
bright red and enter
the left side of the
heart, where they are
pumped back to the
rest of the body to
keep everything going.

LUB-DUB, LUBDUB, LUB-DUB

That’s the sound of a
healthy heart beating.
Doctors listen for
this simple rhythm
when they place a
stethoscope on your
chest during a checkup.
It tells them if blood
is properly pumping
through your body. The
actual sound is made
by the valves between
heart chambers
snapping shut.

PLAYING THE
LONG GAME

Your heart never stops
beating. Every minute,
it beats between 70
and 110 times. If you’re
10 years old, your
heart has already beat
more than 450 million
times; over the course
of your lifetime, it
will beat more than
2.5 billion times.

A MIND OF
ITS OWN

Think about this: You
don’t have to ‘‘think’’
to make your heart
beat. That’s because
your heart has its
own electrical system
that controls when its
chambers contract
and pump. It does that
job automatically —
no brain necessary.

MEASURING
GREATNESS

Clench your hand into
a fist. That’s about
the size of your heart.
It will grow larger as
you do.

BLOOD,
EVERYWHERE

Every day, a full-grown
heart pumps about
2,000 gallons of blood.
That’s almost 4,000
two-liter soda bottles’
worth of fluid.

ILLUSTRAT IO N BY T IM M C DO NAGH

Science

WHAT’S GOING ON IN YOUR HEAD
BY C H E L S E A L E U · I L LU S T R AT ION BY T I M M C DONAGH

1. THE CEREBRUM is
what everyone imagines
when we talk about the
brain: a pinkish squiggly
lump divided into two
halves. It does everything
from making sense of
the information coming in
from your eyes, ears and
other organs to telling
your body to do what you
want it to do with that
information — when you
think, you’re mostly
using your cerebrum. It is
further divided into the
frontal, temporal, parietal
and occipital lobes.
FUN FACT:
If you were to flatten
out all the folds in
the outer layer of the
cerebrum, it would
be about four times
bigger. All those grooves
and ridges allow
the brain to store a lot
more information.
2. THE FRONTAL
LOBE sits just
behind the forehead
and is the last part
of the brain to finish
developing, which
happens at around age
25. It’s responsible
for long-term planning,
problem-solving,
judgment and impulse
control. In many
ways, your frontal lobe
controls your behavior
and personality.
3. THE SPINAL CORD
is a long tube that
runs down your back,
protected by your spine,
that lets the brain
and the rest of the body
communicate. The
spinal cord branches
out into 31 spinal nerves,
which branch out
farther and ultimately
connect to the countless
receptors spread
throughout your body.
Those receptors send
signals about your body
and the world around
you back to your brain.
Your brain then sends out
signals in response:
telling your muscles to
move if you’re trying
to catch a ball, for
instance, or telling your
skin to start sweating
if it’s hot out.

4. THE PARIETAL LOBE
takes in information
from the skin — touch,
pain, how cold or
warm it is — to get
an idea of what’s going
on around the body.
That also includes details
about your physical
surroundings from other
senses: figuring out
how big something is or
how far away.
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5. THE TEMPORAL
LOBE sits close to
the ears, which makes
sense, because it
processes everything
you hear. It’s also used
to form memories and
learn new information.
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IN FIRST GRADE, I got glasses. The bad:
I had to face the taunts of my classmates.
The good: I could see. I’ll never forget trying
my glasses on for the first time at the eye
doctor’s office and looking out the window
to find that the tree there was no longer a
greenish blob but a distinct thing with leaves
of many shades! Too bad my classmates
couldn’t share that moment with me. See, the
thing about the body is that it’s hard having
one. It’s an amazing machine that makes
everything we do possible but that can also
fail us at any moment. It’s a point of pride
and a way we define ourselves in this world,
but also a target of criticism that can make
us feel bad. Either way, we’re stuck with
this sack of bones and squishy stuff. I hope
learning about how it works (and, at times,
doesn’t) in these pages will prove to you just
how incredible you are. — Amber Williams,
who wears contacts now
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7. THE CEREBELLUM
is what you’re using
whether you’re balancing
on a tightrope or just
going for a walk. It
controls your sense of
balance and coordinates
your muscles and the
positions of your arms
and legs so you can
move around gracefully.
8. THE BRAIN STEM
controls your body’s
most basic functions,
things like your breathing,
blood pressure and heart
rate. It’s also where the
brain connects to the
nerves for hearing, taste,
swallowing, moving your
eyes and tongue and
making facial expressions.
If you’re trying to roll your
eyes and stick out your
tongue at someone, you’re
using your brain stem.
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FUN FACT:
It’s a hot summer
day, and you’ve slurped
down your ice cream
when you feel it: brain
freeze! Some scientists
think the sharp, sudden
headache happens
when the back of your
throat gets too cold too
quickly. To protect the
brain, the blood vessels
there shrink, opening back
up only when they get
warm enough. News of
this change is sent to a
sensitive nerve connected
to the brain stem, and it’s
interpreted as pain. ◊

FUN FACT:
Signals travel through
nerves incredibly quickly:
They can move as fast
as 268 miles per hour.

WELCOME TO THE
BODY ISSUE

6. THE OCCIPITAL
LOBE interprets
information from the eyes,
including colors and
shapes and what written
words mean.

YOUR BRAIN IS
AWESOME
A N A D U LT B R A I N C A N ’ T M AT C H I T S C R E AT I V I T Y
A N D A D A P TA B I L I T Y.
BY M E L I NDA W E NNE R MOY E R

THINK ABOUT the things you do that frustrate your parents and teachers. ‘‘You
don’t focus enough in class,’’ they say. ‘‘You goof off.’’ ‘‘You don’t think about
consequences.’’
Well, next time, tell them first that it’s your brain’s fault. And second, that
these behaviors aren’t even bad! They’re valuable features of your carefully constructed brain, which has evolved to do things differently while you’re young for a
reason. ‘‘Grown-up brains and children’s brains are really designed for different
purposes,’’ says Alison Gopnik, a psychologist at the University of California at
Berkeley. Adults’ brains seem to be honed to concentrate. But for you? Childhood
is all about learning, playing and using your imagination.
One of the biggest differences between the brains of kids and adults is that kids
don’t yet have a fully developed prefrontal cortex — the part of the brain behind
your forehead that is responsible for planning, focusing and decision-making. (It’s
the front part of the frontal lobe; see above.) When your parents have to ask you
six times to finish your homework, it’s partly because of your cortex. In other words,
blame your brain. (Unless you just didn’t want to do your homework. . . . )
Parents and teachers often see this inability to focus as a flaw. But they’re
wrong. When the prefrontal cortex isn’t fully developed, it lets other parts of the
brain be more active — unleashing your imagination and creativity. That’s why

kids are typically much more inventive than adults. Take that, Mom.
Kids also have more connections among brain cells than adults do, which means
their brains are more flexible or ‘‘plastic’’ — they can change and adapt more easily.
‘‘Children are faster learners,’’ says Richard Prather, an educational neuroscientist
at the University of Maryland. This is why it’s much easier for a 10-year-old to learn a
new language than it is for a 50-year-old. Over time, the brain trims down these connections to become more efficient, but in the process, it loses some of this flexibility.
When you’re a teenager, your brain will undergo major changes, especially in
brain regions involved in social awareness. This means you’ll start to worry a lot
about your status and reputation among friends, which can then push you to rebel
and take risks to impress people. Parents often frown at this risk-taking, and for
good reason — it can lead you to behave recklessly and put yourself in danger.
But this risk-taking, too, has a bright side. Researchers recently studied nearly
300 teenagers, finding that those who were more rebellious were also more generous and more concerned about society. Teenagers are often the ones with the
courage to lead social movements (think Greta Thunberg). To change the world,
you have to be brave, creative and imaginative — all strengths that are cultivated
within the young brain. So the next time your parents grumble at you, consider that
what they see as your faults are actually your strengths. ◊
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Lungs,
Diaphragm (not shown),
Alveoli

When a bone breaks, a blood clot
forms around the area, and
immune cells clear away germs
and bone fragments. Then a lump
of a soft protein called collagen
forms around the fracture, which
is gradually replaced by hard bone
cells. Eventually, after a few
months, that lump of bone gradually
forms into the bone’s original
shape — a reshaping process that
can take as long as nine years.

Your body powers your muscles
with energy that comes
from the food you eat. The foods
that provide the most energy
include bread, pasta, rice,
fruit, vegetables and milk. When
you’re running a race, say, and
your muscles need energy, they’ll
break down the sugar stored
in your muscles or running
through your blood vessels to
power themselves.

have to eat

CALF MUSCLE: Why you

39

When we shiver, our muscles
are essentially flexing and unflexing
really quickly. Muscles generate
heat when they use energy (which
is why you become so sweaty
after running around outside), and
shivering takes advantage of that
to keep you warm when it’s cold out.

ARM: Brr. Turn up the
heat, please!
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TONGUE: Look who’s talking
The tongue is a hard-working set
of muscles (eight of them!). Not only
does it allow us to taste delicious
food; it’s also crucial for letting
us talk to one another. Our tongues
are incredibly flexible — they can
move in any direction — and,
along with our teeth and lips, they
form sounds made in our throat
into actual, understandable words.
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We blink more than 20,000 times
in one day without even realizing it,
because the muscles we use to blink
are partly automatic: Our brains
send signals to the muscles that
open and close our eyes without our
having to tell them to. That way, our
eyes don’t dry out, and our eyelids
can clear away dust and other
particles to keep our vision clear.

windshield wipers

EYELID: Your own personal
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We usually think of muscles
as things we actively control. But
many muscles in the human
body, like those in the heart or
intestines, operate automatically,
meaning we don’t have to think
about them to make them do their
jobs. Imagine if we did have to
consciously control everything in
our bodies at once — yikes!

over there!

INTESTINES: Keep it moving,
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The biggest muscle in the human
body is the gluteus maximus,
and it’s partly what makes butts
stick out so much. Why is it so
big? The gluteus maximus —
one in each butt cheek — helps
the body defy gravity: It’s
thick and strong to allow us to
stand up straight.

BUTT: Yes, it’s time to learn
the scientific name for it
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When you work out your muscles
by doing push-ups or playing
a long game of soccer, you’re actually
damaging your muscle cells. Thin
strands of protein within those cells,
called myofibrils, tear when you
exercise. But don’t worry: When
your body repairs those cells,
your muscles become thicker and
grow more protein strands. The end
result? You become stronger.

Have you been working out?

THIGH MUSCLE: Whoa.
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The bendy places bones meet
are called joints, and they’re what
allow our body parts to move.
Take the elbow joint: It’s bent by
your biceps muscle, which is
attached to the humerus and radius
bones in your arm. You flex your
biceps to bend your elbow. Muscles
can only contract, or shorten,
though. So they come in pairs. Your
triceps muscle, attached to the
humerus in the upper arm and to the
ulna bone in your forearm, contracts
to straighten your biceps (and your
arm) back out. It’s teamwork.

ELBOW : Every muscle has a
best friend
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Your fingernails, which are made
of keratin, grow at the same
speed that continental plates move:
about 20 millimeters per year.

Your own personal claws

FINGERNAILS:

47

Every day we shed more than 500
million skin cells. Some researchers
estimate that’s between 0.5 and 1.5
pounds of dead cells per year! Those
old or damaged cells are continually
replaced with new skin cells coming
up from deeper layers. The fresh
supply also helps wounds heal.

Thank you for your service

SKIN (CALF)
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Your body sweats as a way to cool
itself down. When sweat seeps from
your pores onto your skin, it often
evaporates, which takes heat away
with it. Do you sweat a lot? There’s
a reason: Skin is covered by two
million to five million sweat glands,
concentrated on the palms of your
hands and the soles of your feet.

while reading this

PALMS: Don’t get sweaty palms
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The dermis is the layer of skin where
our sweat glands and hair follicles
live. This area is teeming with blood
vessels, which is why you bleed when
you get a deep cut on your hand.
You have lots of pain, pressure and
temperature receptors here — when
you shriek in pain after touching
a hot pan, this is why. Beneath the
dermis you’ll find the hypodermis:
a layer that is in contact with the
bones and muscles beneath it and
contains a lot of fat cells that help
keep us warm and insulated.

all need

DERMIS: The cushioning we
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The epidermis is the layer
that gives us our skin tone, thanks
to a biological pigment called
melanin. This layer does not have
any blood vessels, which is why
when you get a paper cut that isn’t
too deep, it doesn’t always bleed.
The skin cells up here are all dead,
but tightly attached.

see when you look at someone

EPIDERMIS: What you
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SKIN: Who needs clothes?
When grouped together, our skin,
hair and nails have a fancy name:
the integumentary system. Although
our skin measures only a few
millimeters thick, it is considered the
largest organ in the body, weighing
in at about 9 pounds in an adult! This
waterproof full-body suit protects
us from germs, injuries and the sun’s
harmful ultraviolet light.
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INTEGUMENTARY SYSTEM

Muscles and bones can’t work
without each other: Muscles rely on
hard bone to pull against, and bones
can’t move without muscles, which
also help keep them in place. Most
of the muscles we can control are
called skeletal muscles, because
they’re connected to our bones
with strong cords called tendons.
(The biggest tendon in our bodies
is the Achilles’ tendon. It’s the
straight, stiff tissue at the back of
your foot that connects your calf
muscle to your heel bone. Whenever
you stand on tiptoe, you’re using
that tendon.)

jumping — it all comes down
to this relationship

ANKLE: Walking, running,

41

M USCU LAR /SKELETAL

underneath a cast
We use muscles to move ourselves
and other objects around. They’re
made up of bunches of long, thin,
protein-filled cells, and they’re
attached to your bones with tough
cords called tendons. They’re also
what you use for feats of strength
like arm wrestling and lifting
heavy objects.

through the world
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HUMERUS: What happens

31

SKE L ETA L / IMM UNE

Radius

Bone
Marrow

50

12

Humerus

40

Elbow

Arm

38

32

Upper
Arm

29

59

Breasts
(not
shown)

21 22 25

TEETH: The No. 1 grinders
Your teeth are part of your skeletal
system, even though they’re
not made of bone. They’re actually
stronger than bone, because
they’re covered with enamel, the
hardest material in the human
body. Humans have two sets of
teeth: our 20 baby teeth, which we
start to lose at around 6 years
old, and our 32 permanent teeth,
which usually all come in by age 21.
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When we’re babies, our bones
aren’t completely hard yet. They
have sections of cartilage at
their ends, which, when we reach
puberty, become solid. That’s
why the skull of a newborn baby
is soft (those bones fuse together
around age 2).

making bones appear

SKULL: A natural magic trick —

14

EAR: Bendy is best
Have you ever wondered why skulls
don’t have noses or outer ears?
That’s because those parts are
made of cartilage, a firm, rubbery
material. Cartilage is a lot softer
than bone, which is why it’s used
as cushioning in our joints and
between other bones — and in our
ribs, which need to stretch when we
breathe in lungfuls of air.
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One of the most common bones
kids break is the radius, in
the forearm, because we use our
arms to catch ourselves when
we fall. In a 2010 study of 382 kids
14 and under who had broken
a bone, almost one-third of them
had broken their radius near
the wrist. About a quarter broke the
long part of the radius and about
one-fifth broke an elbow.

most likely to break

RADIUS: The bone you’re
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Unlike most of the body, which
is soft and squishy, the skeleton
is rock-solid. It gives the body
structure, helps it move around
and protects those soft, important
organs like the heart, lungs
and brain. Bones are hard because
they’re made of calcium and
phosphate, which are minerals
(like the ones in actual rocks) that
we get from foods including milk,
broccoli and nuts. In total, a fullgrown human has 206 bones.

you’re not a blob

11
SKELETON: The reason

SKE LETAL SYSTE M

MUSCLES: How you move

MUSCUL AR SYSTE M

medications or ingest certain food
dyes — or even the color of cola,
if you eat a lot of fava beans.

URINE: A rainbow of possibilities
As you’ve noticed, your pee can be
different colors. Normally it’s
somewhere on a spectrum between
dark yellow and clear. The reason
for the differences depends on
what wastes your body is getting
rid of. The more water you drink,
the clearer your pee tends to be.
But your urine can also be orange,
blue or green if you take certain
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It’s the job of our two kidneys to
filter and clean the blood in order
to dispose of the chemicals that
our bodies don’t need. A long tube
connects each kidney to the bladder.
This organ stores urine until we’re
ready to take a whiz. It flows from
the bladder through the urethra
and then out of the body.

filters out the bad stuff

KIDNEYS: How your body

9

Why do we urinate? Our bodies
accumulate a lot of waste as we go
through our day. Excreting urine is
one way that we get rid of it.
Urine is mostly made up of excess
water. On average, a full-grown
person pees about one to five
plastic water bottles’ worth
per day. And interestingly, for most
mammals larger than a mouse —
including you — the average length
of time for a tinkle is 21 seconds.

probably make you have to pee

BLADDER: Reading this will

URINARY SYSTEM

FARTS: Let’s be serious
Everyone farts — your mom, your
dad, your teacher and of course
you. Gross as they may be, they are
simply the passing of gas trapped
in our digestive system. Microbes in
our guts contribute a lot to the
smelliness of our farts, as do certain
foods like brussels sprouts, dairy
and the pharaohs of flatulence,
beans. Some of the main gaseous
culprits are hydrogen, hydrogen
sulfide, ammonia, carbon dioxide
and methane. When they party
together, they can get a bit out of
control, creating a putrid smell
that’ll surely disgust your friends.

7

BURPS: Excuse me
*Buuuuurrrppp.* You belch
because you’re letting out gas that
you’ve swallowed while eating
or drinking. That gas was trapped
in your digestive tract, but
it forces itself out through your
esophagus and then your mouth.
Common causes of burps are
the carbon dioxide in sodas and
the indigestion that comes from
chowing down on food too quickly.
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After traveling through the small
intestine, the dissolved food enters
the final stretch of the digestive
system: the large intestine, or colon.
Here, water and vitamins are
absorbed from what’s left of the
digested material, making it
more solid. Billions and billions of
microbes help turn the digested
material into the smelly poop we all
know. Our muscles push the poop,
or feces, through the colon. The
feces then enter the final part of the
digestive system, called the rectum,
before being pushed out of the body.

Where poop lives

LARGE INTESTINE:

5

The stomach muscles contract
and squirt teaspoon-size bits of the
liquefied food into the small
intestine. Inside its twists and turns,
dissolved food combines with
greenish-brown bile from the liver
and other digestive secretions
from the pancreas so that the body
can absorb it. As the food travels, the
body breaks it down so it can suck
up the nutrients that we need to live.
Most everything else moves along
and out of our bodies as waste.

Soak it all up

SMALL INTESTINE:

4

STOMACH: The juiciest organ
After the food goes down the
esophagus, it enters the most
famous of digestive organs,
the stomach. Here, gastric acids
that are supercorrosive further
dissolve and liquefy the food. The
stomach’s hydrochloric acid also
kills microbes that could potentially
harm our bodies.

3

THROAT: Gulp!
After entering the pharynx (throat),
food slides along the epiglottis
(a cartilage flap that prevents
food from entering the tube that
leads to your lungs) and then
down the esophagus.

2

MOUTH: Let’s get mushy
Hot dogs. Hamburgers. Pizza. They
all take the same journey into our
bodies . . . and out through our butts.
This gross and gassy adventure
is known as our digestive system.
First stop: the mouth. Here, our
teeth do the big work by chewing
up our food into smaller, easierto-handle pieces. Meanwhile,
digestive molecules in our saliva
begin the process of dissolving
the bits of food. Our tongue
chauffeurs the spit-covered globules
to the back of the throat, where
they are swallowed.

DIGE STIVE SYSTEM
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Toe

Ankle

Calf
Muscle

Knee

Thigh
Muscle
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Skin
(Calf)

Nose
Hair
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YOUR B ODY, EX PLA I N E D

Uterus

Stomach

55

Pancreas
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Spleen
(not shown)
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Nose

Eyelid
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Finger,
Fingernails
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Blood,
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Palms
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Genitals

Bladder,
Urine
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Pituitary Gland
53
(not shown)

TO UNFOLD THIS NEWSPAPER a moment
ago, you used your hand to turn the pages.
No biggie, right? Wrong! Without thinking
about it, your brain sent staggeringly fast
signals down nerves running along your
spine and then through your arm to tell your
hand what to do. The more than 30 muscles
that move your fingers and thumb then had
to move in conjunction against the 27 bones
in your hand. The ridged skin on your fingertips had to grip the newspaper lightly, and
your arm had to make a delicate movement
so you didn’t tear the page. A web of blood
vessels had to bring oxygen and nutrients to
the area, so your hand could move at all. If
you accidentally got a paper cut, the thousands of touch sensors in your hand sent out
pain alerts so that the appendage quickly

27

important for you too

PANCREAS: The king of sugar
The pancreas makes two very
important hormones, insulin and
glucagon. They help regulate the
body’s blood-sugar levels. Kids and
adults who have a pancreas that
doesn’t make any insulin, or enough
of it, have a condition called Type 1
diabetes. Without insulin, sugar
can’t get from your blood to your
other cells to give them energy. Too
much sugar in the blood can
be life-threatening.

55

Ever felt a rush when you’ve been
startled? That’s your adrenal glands
kicking into action. They regulate
our ‘‘fight or flight’’ hormones, which
can help us survive and overcome
stressful situations by doing things
like making us breathe faster and
making more energy available. The
adrenal glands sit atop the kidneys.

Were you scared?

ADRENAL GLANDS: Boo!
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Hormones are the body’s chemical
messengers, in charge of regulating
our metabolism, growth and
reproduction. They are found
throughout the body. All together,
they and the structures that
make them form the endocrine
system. The pituitary gland is a peasize part of the brain often called
the ‘‘master gland,’’ because
it controls the release of an army of
hormones. These chemicals target
specific parts of the body, including
the skin, muscles, bones and kidneys.

The taskmaster

PITUITARY GLAND:
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E N DOC RIN E SYSTE M

For the most part, arteries carry
oxygenated blood away from
the heart and throughout the body.
Veins, on the other hand, mostly carry
deoxygenated blood to the heart.

One-way streets

BLOOD VESSELS:
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Blood is red because it contains the
iron-rich protein hemoglobin.

BLOOD: A horror-film staple,
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Every day, a healthy adult’s bone
marrow (found at the core of
bones) produces about 200 billion
red blood cells, which become new
passengers on the superhighway.

red blood cells

BONE MARROW: A factory for
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With its powerful pumping, the heart
sends blood rushing through your
circulatory system, a superhighway
made of about 60,000 miles of
blood vessels. The system’s job is to
deliver nutrients and oxygen to
all the body’s cells — from the top
of your head to your pinkie toe
— and to take away all the waste.

should love

HEART: An organ you

49

C IRC U LATORY SYSTE M

Let’s say you fall and scrape
your knee. First, blood will start to
clot, or clump together, around
the wound to stop the bleeding.
When it dries, it forms scabs
that keep germs from coming into
your body. Blood vessels in
the skin expand to bring more white
blood cells to the area — that’s why
the area around the scrape gets
reddish and warm — and those
white blood cells detect intruders
like viruses and bacteria and destroy
them. After that, your body regrows
the skin and blood vessels that
were broken.

heals itself

KNEE: Here’s how your body
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IMMUNE/CIRCULATORY

Lymph
Nodes

For more on the nervous system, see
the brain page.

We have a huge number of nerves
threaded just below our skin,
especially in sensitive, important
places like our fingers, toes and
lips. Those nerves include specialized
receptors that sense things like touch,
temperature, pressure and pain. No
one likes pain, but it’s actually
a useful evolutionary adaptation: It
tells your body that something
is harmful and should be avoided.

hot hurts

FINGER: Why touching something
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NOSE: What’s that smell?
Smells are actually odor molecules
released by the things around
you, whether they’re roses or garlic
or a fart cloud. When those smelly
molecules enter your nose, they stick
to special nerves called olfactory
sensory neurons way up inside your
nostrils. Those neurons send their
information to the brain, which figures
out what the smell probably is.
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TASTE BUDS: Pass the pizza
Your tongue is covered with up to
10,000 taste buds, special cells
with little hairs on them. Those hairs
sense the chemicals that make up
the food in your mouth and send that
information to nerves connected to
the brain. Scientists have identified
five basic flavors — sweet, salty,
bitter, sour and umami (or savory) —
and think we taste these flavors
as a shortcut to figuring out if the
food we’re eating is good for us.
Something sweet may mean the food
will give us lots of energy; something
bitter may be poisonous. But your
sense of taste isn’t just about what
your tongue senses — what food
looks, smells and feels like all play a
role in what you actually perceive.
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When you look at something — an
apple, say — light bounces off
it and into your eyes. A part of your
eye called the lens focuses the
light onto an area called the retina,
where millions of tiny nerve cells
called cones (which sense colors and
details) and rods (which help you see
in the dark) send the image to the
brain, which figures out what you’re
looking at. Because of the way light
bounces into your eyes, the image
that comes in is actually upside-down
and flipped. Your brain is constantly
turning that image around so you can
understand what you’re seeing.

EYE: Seeing is way more
complicated than you thought
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When you hear sounds, what
you’re really sensing are vibrations
traveling through the air. These
vibrations hit your eardrum, a thin
layer of tissue that shakes like
a real drum when it’s hit, which sends
those vibrations via a chain of
tiny bones (the smallest bone in your
body, the stapes, is in your ear) to
the inner ear. Those structures
generate nerve signals that ultimately
reach your brain, which interprets
the sounds you hear as words you
understand or noises you recognize.
As we age, our ears get worse at
picking up high-pitched sounds, which
is why kids can generally hear higher
sounds than adults.

homework calling.
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EAR: Do you hear that? It’s your

N E RVOU S SYSTE M

drew back — again, without your even thinking about it. As hard as scientists and engineers have tried, they can barely get robots
to do the same thing, because even when all
you’re doing is turning a page, your body is
executing something incredibly complex.
And maybe you’re doing something else
at the same time, like talking to a friend or
watching TV. It would be mind-blowing if it
weren’t so normal. Welcome to the magic
that is your body. Learn about how it works
with this almost-full-size kid body, which details its 11 systems in a nontraditional way.
We’ve chosen the most important things,
but there is so, so much more that we could
show you. If you want to keep learning,
check out the interactive body models at
human.biodigital.com.

all-star team

If you’re a boy, the new
hormones in your body also make
your vocal cords, the folds in
your throat you use to talk and sing,
grow longer and thicker (this
is also true for girls, but the change
isn’t as extreme). That makes
your voice deeper, the same way
a double bass plays lower
notes than a violin. But your body
takes time to get used to the change
— which is why sometimes your
voice can crack embarrassingly
without your being able to
control it. ◊

LARYNX: Why your voice
gets deeper over time
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For boys, puberty starts around
age 9 to 15. Your penis and
testicles (the two balls under your
penis) grow larger, and the
testicles start producing sperm
and other fluids. You also
might start having sexual thoughts
and spontaneous erections —
in which your penis fills with blood
without warning.

PENIS: A multipurpose
appendage
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For girls, one of the last changes of
puberty is getting your period,
when blood comes out of an opening
called the vagina for a few days
every month. An organ above the
vagina called the uterus grows
a lining every month to create a
place for babies to develop.
But if you don’t become pregnant
that month, that lining breaks down
and leaves the body — that’s the
blood you see coming out.

UTERUS: A future home for
more kids
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Between ages 7 and 13, most
girls will start puberty. One of the
first things that happens is
that your body starts developing
breasts, which mothers use to
feed milk to their babies.
Fat starts collecting underneath
your nipples, and the system
that produces milk develops, too.
Your breasts become rounder
and larger.

puberty is underway

BREASTS: An early signal that
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BRAIN: Puberty can feel crazy
Puberty starts when your
brain releases hormones that
direct other parts of the body to
produce even more hormones.
These hormones flow through your
bloodstream and start triggering
a ton of changes that make
your body look different — you get
a lot taller, hair starts growing in
your armpits and crotch and certain
body parts get bigger. But those
hormones also make your emotions
more intense, and you might go
through mood swings, leaving
you feeling thrilled one minute and
grumpy the next.
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If you’re anywhere between ages
9 and 16, chances are you’re
going through puberty, which is
when your body prepares itself
to be able to have children. To
understand puberty, it helps to
know how babies are made:
Male bodies produce a type of
cell called sperm, and female
bodies produce eggs. When an egg
and sperm meet (often, but
not always, through a process you
may have heard of — sex), they
combine into one cell that divides
and divides until, eventually,
it develops into a baby.

Change, change, change

GENITALS:
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TOE: Ouch!
Why does stubbing your toe
hurt so much? Partly it’s because
your toes are bony and don’t
have muscles or fat to shield them.
But it’s also because feet have
lots of pain receptors, which are
nerve cells that tell the brain that
something hurts. And finally,
when we stub a toe, we’re usually
moving it pretty quickly — so
when we slam it into something,
all that force is concentrated into
a tiny area.
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chemicals that make you sneeze
uncontrollably or your eyes water —
or trigger even more intense reactions
— to try and get the ‘‘invader’’ out of
your system. Scientists estimate that
about one kid in 13 has food allergies.

If you have an allergy — to cats or
peanuts or pollen — your body’s
immune system senses those things
as a threat to the body, the same way
it does bacteria, viruses or fungi. The
immune system then starts producing

eyes water

NOSE: Why Kitty might make your
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UPPER ARM: Some outside help
Vaccines work because your immune
system usually remembers how
to fight off the bacteria and viruses
it has seen before. A shot contains
dead or weakened versions of
harmful germs, which your immune
system attacks without your having to
get sick. If you encounter those germs
again in your daily life, your body will
know how to defend against them.
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BRAIN: No germs allowed!
Because your brain is so important,
it has a special defense to protect
itself from invaders. Scientists call
it the blood-brain barrier. Basically,
the blood vessels in your brain make
it hard for things floating around in
your blood (especially harmful germs)
to reach your command center.
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When you’ve gotten sick, you might
have felt some swollen bumps on
the sides of your neck, below your
ears. That’s a sign that your body’s
immune system is doing its job.
Those bumps are lymph nodes, beanshaped structures containing
lots of white blood cells. These nodes
swell up when your body is fighting
off infection as bacteria or viruses
in your body are brought there to
be destroyed. You might also feel
big lymph nodes in your armpits,
under your chin and near your crotch.

go down

LYMPH NODES: Where battles
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Your immune system is what protects
you from getting sick. And when
you do get sick, it’s also your immune
system that tries to fight off
the bacteria, virus or fungus that’s
attacking your body so you can
be healthy again. Some of the most
important players are white blood
cells floating in your blood. They look
for unfamiliar organisms in your body
and destroy them. The areas that
white blood cells move through are
called the lymphatic system, which
also filters dead cells and germs out
of your body. Your lymphatic system
includes bone marrow (which makes
white blood cells), your spleen, lymph
nodes, lots of lymphatic vessels and
your thymus (in your chest).

SPLEEN: Your body’s defensive

26

IMMUN E-LYMPHATIC
SYSTE M

ALVEOLI: Not ravioli
Inside each lung, the airways
branch farther and farther into a
network of small tubes that resemble
the twigs of a tree. At the ends
are hundreds of millions of grapelike
bundles called alveoli. Each one is
surrounded by blood vessels called
capillaries that allow for an important
exchange of gases. The oxygen we
breathe in moves from the alveoli
into the circulatory system, while
carbon-dioxide waste from the blood
moves into the lungs to be exhaled
from the body.
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After moving through our nasal
cavity, air passes through the larynx,
or voice box — the area that lets
us speak or sing when exhalations
make our vocal cords vibrate.
Then it moves into the trachea. This
tube acts as the major passageway
for air coming in and out of the
body. Like our nose, it has mucus
that helps trap unwanted particles.
The trachea is held up by a series
of C-shaped rings of cartilage
that prevent it from collapsing as
we breathe. It looks like an upsidedown tree trunk as it branches into
two airways called bronchi, which
lead into our right and left lungs.

Is this thing on?

LARYNX AND TRACHEA:
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Each day, we take roughly 20,000
breaths. As we breathe air into
our nostrils, oxygen and other gases
enter a moist, mucus-coated cavern
called the nasal cavity. There, snot
and nose hair act as bodyguards
that prevent dust and other harmful
particles from entering our lungs.

the rescue

NOSE HAIR: Air filter to
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During inhalation, a flat muscle
beneath our lungs called the
diaphragm works with muscles
between our ribs to push the chest
up and out, giving the lungs room
to expand like full balloons. When
we exhale, the diaphragm relaxes,
letting the lungs squeeze out air.

DIAPHRAGM: The engine
driving your lungs

22

LUNGS: Air is life
Breathe in. Breathe out. These two
simple steps are crucial to staying
alive. With every inhalation, we take
in oxygen, a life-giving gas that
helps the tens of trillions of cells in
our bodies draw energy from food.
And with every exhalation, we expel
carbon dioxide, the toxic waste
gas that our cells produce. Everything
that has to do with breathing
makes up the respiratory system.
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DISCLAIMER: To show you all 11 body systems
at once, we had to Frankenstein this body: We
used an arm to show you the skeletal system,
a leg to show you the muscular system and so
on. But in real life, they’re obviously all lumped
together! In some places we’ve also removed
or spread out organs or tissues (like some ribs)
to more clearly show you what’s happening.
We hope you better understand how the body
works after reading this — but, uh, don’t rely
on it if you’re studying to go to medical school.

INSTRUCTIONS:
1. To read this guide, treat it like a poster
and hang it up on the wall lengthwise.
2. Start wherever you want: Each body part is
labeled with a number and a color that indicates its system (or systems). So dive in!

Science

WHY
DOES MY BODY . . .
DO THAT ?

WE ASKED DOCTORS FOR
T H E A N S W E R S T O L I F E ’ S M O S T I M P O RTA N T Q U E S T I O N S ,
L I K E W H Y W E H AV E G O O P I N O U R N O S E S .
BY E L I S E C R A IG

WHY DO I HAVE BOOGERS? Boogers, as gross as

they may be, are a natural defense mechanism
against invaders. See, when you breathe in air, a
lot of other stuff comes with it, like dirt, allergens
and bacteria. Snot (or more politely, mucus) lines
your nose, throat, sinuses and lungs, trapping those
invaders. Mucus is over 90 percent water. Much like
glue, if it dries out, you end up with clumps, which
we affectionately call boogers. Getting sick can amp
up your mucus production, leading to a nose full
of them. But these unsightly byproducts can also
tell you a little bit about your body. If your output
is green or yellow, it’s a signal that you’re fighting
an infection. Clear, and you might be dealing with
something like allergies.
WHAT ARE GROWING PAINS? Scientists aren’t

entirely sure why kids get growing pains — a
throbbing or aching you might feel in your calves,
thighs or behind your knees. But they have noticed
that these pains often happen when you’re lying
down. ‘‘Bones grow at night, and they grow faster
than muscles,’’ says Dr. Naomi Brown, a sportsmedicine doctor at the Children’s Hospital of
Philadelphia. That makes your muscles feel
particularly tight. ‘‘So when you’re lying down,
you notice the discomfort.’’
WHAT’S GOING ON WHEN I CRY? Get this: There are

three kinds of tears. They even look different under a
microscope! They all come from the lacrimal gland,

which sits above your eyeball, but each has its own
role. The first type, called basal tears, constantly
bathes the surface of the eye to keep it moist and
healthy. Reflex tears are made when something
irritates an eye, like pollen or dust, and we need to
wash it away. Then there are emotional or psychic
tears — the type that comes out when you’re crying
because you’re sad or mad. The signal to make those
comes from the limbic system, the emotional center
of your brain. Why do we cry? Maybe because humans
evolved that mechanism to self-soothe. When we’re
upset, crying can calm us down.
WHAT ARE HICCUPS? When you breathe, a muscle

called the diaphragm contracts to pull air into the
lungs — and then it relaxes, and air rushes out.
Hiccups occur when that muscle spasms, causing
a sharp intake of breath, followed by the closure of
your airway, which causes that ‘‘hyuk’’ sound. Babies
in the womb tend to hiccup a lot, while older kids
and adults do it rarely. That fact has led scientists to
think that hiccuping is a mechanism for training the
muscles involved in breathing, says Dr. Mark Fox of
the University of Zurich. That way, babies who have
only ever gotten oxygen through their umbilical cord
will be prepared to suck in air at birth. As for the rest
of us still dealing with the hiccups, the easiest way
to stop them is not a spoonful of sugar or drinking
upside-down. It’s ice water. ‘‘That numbs the nerve in
the gullet and stomach,’’ Dr. Fox says — the nerve in
the muscle that was causing the spasms to begin with.

WHY DOES MY LEG ‘‘FALL ASLEEP’’? That pinsand-needles feeling you get when you stay in the
same position too long is uncomfortable, but it isn’t
dangerous. It’s just a signal to your brain to move your
body. ‘‘When we compress our nerves, those nerves
can’t communicate a signal back to our spine and
brain correctly,’’ says Dr. Katie Ellgass, a pediatrician
at Stanford Children’s Hospital. That’s because the
squashed nerves aren’t getting the blood supply and
oxygen they need to do their job. So instead of sending
messages to the brain that it can understand, you end
up with that garbled, jingle-jangle feeling. If you move
around and take the pressure off your nerves, the
blood flow comes back, and your nerves will let your
brain know that they feel normal again.
WHY WILL I GET TONS OF PIMPLES WHEN I’M
OLDER? Acne — blemishes like whiteheads and

blackheads — tends to strike during puberty, when
changing hormones signal the oil glands in your skin
to produce more oil. That additional oil, combined in
some people with extra-sticky skin cells that don’t fall
off the way they’re supposed to, can lead to blocked
pores, trapped dirt and bacteria and inflammation and
create blemishes. These days, there are plenty of ways
to clear up your skin — ‘‘It’s a good time to have acne,’’
says the dermatologist Dr. Lauren Taglia. Look for a
cleanser with salicylic acid or benzoyl peroxide. And
if you find that dreaded acne has taken up residence
on your face anyway, check in with a dermatologist.
They have plenty of tools to help clear it up. ◊

DOES THE
HEART
PUMP AIR? NO.
A B R I E F H I STORY OF M E DICA L
M I S U N D E R S TA N D I N G
BY K I M T I NGL E Y

PICTURE a mysterious, uncharted territory. Odds
are, what comes to mind is the Amazon rainforest
or the surface of Mars — not your own body. But for
most of history, what our insides looked like, and how
they worked, was just as hard for us to explore. That’s
because dissecting (cutting open) dead people went
against many societies’ religious and moral beliefs.
Not being able to see beneath our skin meant
that doctors and scientists had to make (somewhat)
informed guesses. For instance, Hippocrates, a
famous physician in Ancient Greece who lived around
400 B.C., is credited with theorizing that everything
inside the body was kept in balance by four fluids:
blood, phlegm, black bile and yellow bile. In roughly
350 B.C., Aristotle, one of the most influential
philosophers who ever lived, was convinced that
the heart was where thoughts and feelings came
from, and for centuries, a popular theory held that it
pumped air (‘‘artery’’ comes from the Greek arteria,
‘‘that which conveys air’’).
Roughly 500 years later, in the Roman Empire, a

Greek physician known as Galen of Pergamum relied
heavily on dissections of dogs, pigs and Barbary apes to
correct some of these errors. Observing animals helped
him discover how the bladder expels urine and that
arteries and veins have different functions; but they also
caused him to mistakenly believe that humans have a
five-lobed liver and two jawbones, the way dogs do. He
also taught that the liver makes blood, which isn’t true.
Eventually, in the 12th century, dissecting human
cadavers became accepted, resulting in accurate
maps of our insides. (Medical schools still rely on
people to donate their bodies so that students can
learn about them.) And we began to invent tools
that allowed us to see ourselves in finer detail. Using
homemade microscopes, Antony van Leeuwenhoek,
a Dutch tradesman, first observed red blood cells
and bacteria in the mid 1600s. Today we have
scanners that can make 3-D pictures of organs,
X-rays and sensors that can detect the electrical
activity of the brain.
Margaret McNulty, an anatomy professor at

the Indiana University School of Medicine, recalls
that when her father, who was an anatomist, was
in graduate school, we didn’t fully understand how
diseases can spread through blood and other body
fluids. ‘‘When he was working in the lab, he never
wore gloves,’’ she added. ‘‘Which always blew my
mind.’’ We’ll almost certainly look back at 2019 and be
similarly startled by how naïve we were: For instance,
researchers now believe that microbes living in and on
us make up some 2 percent of our body weight — that’s
the same proportion as our brain — and interact with
our cells in ways we’re only beginning to understand.
We also don’t know what most of our DNA does. And
it’s still difficult to see into the womb or safely study
how babies develop. ‘‘How does our body know which
way is front and which way is back?’’ McNulty says.
‘‘It’s all just kind of magic right now.’’
At the moment, so are the answers to the most
basic questions of all: How is being alive defined?
And what makes life start and stop? We have so, so
much more to learn. ◊

HEALTH
NEWS
(ABOUT YOU!)
BY KNV U L SHE I KH
HOW YOUR BODY moves through
the world — how it interacts
with others, what you use it for
and what can go wrong — is
something scientists and doctors
study all the time. What they
learn can lead to new medicines,
new laws and new attitudes. Here
are four of the biggest discoveries
in 2019 about kids’ health.
1. THE FIRST-EVER
TREATMENT FOR PEANUT
ALLERGIES
Peanuts can be really dangerous:
If you are severely allergic to
them and encounter even a little
bit of the nut, your airways
will constrict, your blood pressure
will drop and you may have
to be stabbed with an EpiPen or
rushed to the emergency room.
Until recently, the roughly 1.2
million kids in the United States
with peanut allergies had only
one way to prevent an allergic
reaction: Avoid peanuts. But
in September, the United States
Food and Drug Administration
approved a new therapy. It works
by having a kid eat tiny amounts
of peanut protein tucked inside
pills prescribed by a doctor. After
six months, the immune system
gets used to the equivalent
of two peanuts. It isn’t a cure, but
the treatment reduces dangerous
overreactions, which is exciting.
2. SCREEN TIME ISN’T ALL BAD
Previous scientific studies have
tied screen time to less-healthy
diets, lower energy and higher
rates of depression. But two big
studies published this year found
these associations to be weak at
best. In other words, they’re not
worth paying attention to. The
impact of screen time probably
depends more on individuals and
how they use screens, says Nino
Ramirez, director of the Seattle
Children’s Center for Integrative
Brain Research. ‘‘The internet can
have huge advantages,’’ he says.
‘‘Kids might use time online
to get help with their homework
or socialize with friends.’’ That
screen time might affect the brain
in different ways than would
watching hours of videos or
playing games. You can expect
to see a lot more research on this
topic in the next few years.
3. SCANS SHOW MATH HAS
NOTHING TO DO WITH GENDER
There’s a stereotype that boys
are better at math than girls. But
that isn’t true: Standardized test
scores for third through eighth
graders across the country show
that on average, they perform
about the same when experts
control for factors like family
income. This year scientists
from Carnegie Mellon University
analyzed brain scans from 104
children between 3 and 10 years
old. They found that the same
brain region was active at the
same level in boys and girls
trying to solve math problems.
So the reason that more boys
than girls go on to pursue careers
in mathematics and other mathrelated fields definitely isn’t
biological. It has more to do with
cultural expectations.
4. MEASLES INFECTIONS
SURGE
This year more than 1,200
Americans got the measles, an
infectious disease that can lead
to death in kids and older people.
That’s the biggest outbreak
since 1992 and many, many more
people than there should be.
Measles is easily preventable
with a vaccine, but a growing
number of parents are not
vaccinating their kids. Skipping
the shot puts other people at
risk: Before the vaccine was
widely introduced, one kid with
the virus could infect 12 to 18
others. This year scientists
also learned that once measles
gets inside the lungs, it can start
attacking the immune cells that
remember how to fight off other
infections, which means it also
makes you more vulnerable
to other viruses and bacteria.
To try to stop the outbreaks,
towns throughout the United
States declared emergencies
and said that kids who weren’t
vaccinated had to stay home. ◊

Science

OUCH!

3 KIDS HEAD TO THE HOSPITAL
AS TOL D TO E L I S E C R A IG • I L LU S T R AT ION S BY T I M M C D ONAGH

W H AT I T WA S L I K E
TO GET MY TONSILS OUT
BY AB BY JONE S, 9, SAN FRANC I SC O

THE FIRST TIME I got my
tonsils out, I had them pulled
because I had been snoring and
sleepwalking. The doctors thought
my tonsils — masses of tissue in
the back of your throat that help
fight germs — might be interfering
with my breathing. They also
thought I might have something
called sleep apnea, a condition in
which your breathing stops and
starts while you sleep, so you don’t
feel very rested. I was only 4, and
I had never had surgery, so I was
really scared.
I had to go to the hospital a
little early so they could give me
medicine to put me to sleep. They
let me try different scents, and I
picked bubble gum. Then they
put a mask on me, and after
breathing in the gas, I fell asleep.
I was surprised how quickly it
happened. The doctors took out
both my tonsils and my adenoids,

other soft-tissue masses in the
back of the nasal passages. After I
woke up, I stayed in the hospital for
a little while to be sure I was O.K.
before going home. When I was in
the car, my parents gave me vanilla
ice cream, but it tasted really bad.
Two years later, when I was 6, I
was still snoring. I had to go to a
clinic overnight to take a sleep test.
They connected wires to me with
Band-Aids, and I had to sleep with
my arms straight out. It was really
uncomfortable. And then I found
out that I still had a form of sleep
apnea. I had to get a second set of
tonsils, the ones that are deeper
in your throat, taken out. And my
adenoids had grown back, so
they had to come out again, too.
This time, I wasn’t as scared, but
I was still nervous. Later, because
my throat hurt, all I could eat was
Popsicles, ice cream and Jell-O. And
even after all that, I still snore. ◊

APPENDIX:
A hollow tube that is closed
at one end and attached
to the beginning of the large
intestine. Experts aren’t
sure what it’s for.

MY APPENDIX EMERGENCY
BY BRIAN JAME S , 1 1 , S C R A NTON, PA .

IT WAS CHRISTMAS Day in the
year I was in first grade. I was
excited. I didn’t have time to think
about how my stomach hurt. But
that night, I told my parents. They
told me to go back to bed. The
next day, we went to the doctor.
He said that I had something called
impetigo, a kind of skin infection
that gives you a rash and can also
make your stomach upset. So we
went home.
That night, my stomach hurt
so much that I couldn’t really walk.
I was limping to the bathroom,
so we went to the hospital. We were
in the emergency room, and the
doctor came in and poked me in the
stomach. And I didn’t react the way
people usually do if they have an

infected appendix — they jump,
because it hurts so much — so he
thought I was faking. But because
I had a fever, they took an X-ray
and gave me an M.R.I., which
is another way of taking pictures of
the inside of the body.
Because of the fever, my mom
and I stayed overnight. But at
2 a.m., the hospital staff woke us
up. The M.R.I. showed there was
something wrong with my appendix,
and it had to come out right away.
(If your appendix bursts, it can
spread the infection and kill you.)
Before surgery, they put a gas
mask over my face to make me fall
asleep. Then, the doctors took my
appendix out. Luckily, humans can
live just fine without it.

When the surgery was done,
I felt better, but I still couldn’t really
walk. On my stomach, I had three
small holes — and one big one
with three stitches, right above
my belly button. I stayed in the
hospital that night and went home
the next morning.
After I got home, my stitches
became red and infected, with a rash
around them. The doctor had to
cut them open again to get the pus
out. It was really painful, and they
didn’t even put me to sleep. It
turns out that the impetigo led
to the infection. And then it happened
again. I had to take a ton of
antibiotics to fight it before it went
away. Now I just have a small scar,
about half an inch long. ◊

TONSILS:
Soft-tissue masses
at the back of your
throat. Found in
pairs, the tonsils
are part of the
lymphatic system.

RADIUS:
The outer bone of the
forearm, meeting your wrist
below the thumb.

ULNA:
The inner bone
of the forearm when
viewed with
your palm facing up.

HOW I SNAPPED 2 BONES
BY GR AC I E SA NGS T E R , 1 2 , C L E VE L A N D, T E X .

I DO GYMNASTICS, and I was at
my house doing cartwheels. I was
wearing long pants, and they got
caught between my foot and our tile
floor, and I slipped and fell. I hit my
arm on the ground, and I heard it
pop. My arm didn’t hurt, but it looked
wrong. It made an S shape. I went
around the corner to show my mom

and said, ‘‘Hey, I broke my arm.’’ I
was very calm. Her eyes got so big.
When we got to the hospital,
they gave me an X-ray: I had broken
two bones in my arm — the radius
and the ulna. Then the doctors told
me they had to straighten them
out, because they were twisted. I
was nervous, wondering, What are

they going to do next? They put me
to sleep so they could move my
bones back into place, which I don’t
remember. When I woke up, my arm
still didn’t hurt. I got to go home
the same day.
My arm was in a splint for about
two weeks, healing, and then I got
a pink-and-green hard cast. After

a few weeks, they cut the cast off
with a saw, and I got a new X-ray.
One bone was still healing. Then I got
a pink short cast with sparkles that
covered just my forearm. When I was
running and playing, the cast was
really itchy. I would try to stick my
whole hand in there to scratch my arm,
and I had to put a trash bag over it to

keep it dry in the shower. It didn’t hurt,
but it was heavy to carry around.
While I had it on, I wasn’t allowed
to go on the bars at gymnastics.
My mom was about to throw up when
I did one-handed cartwheels. Now,
about nine months later, I can do
everything I could do before. It’s
so amazing. ◊

THE END!

Sources for illustrations, this page: ‘‘Hole’s Human Anatomy & Physiology,’’ by David Shier, Jackie Butler and Ricki Lewis (McGraw-Hill); front cover: Nucleus Medical Media.

