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Chapter 8: Pain, Sensitivity, and the Gut

Summary

Gut pain is real, common, and strangely hard to describe. This chapter follows a pain signal from sensors in
the gut wall, through the spinal cord, and up to the brain areas that turn it into an experience. Along the way
you will see why gut pain is vague and often felt in the wrong place, how the spinal cord and brain can turn
pain signals up or down, and why many people with IBS feel gut stretch as painful at lower levels than other
people do. You will also learn why "the tests are normal" never means "the pain is imaginary," and which
approaches help when the pain system itself is turned up too high.

Concepts Covered

1. Nociceptor
Somatic Pain
Visceral Pain
Referred Pain

Dorsal Root Ganglion

2.
3.
4.
5.
6. Dorsal Horn
7. Thalamus
8. Insula
9. Anterior Cingulate Cortex
10. Pain Perception
11. Gate Control Theory
12. Visceral Hypersensitivity
13. Peripheral Sensitization
14. Central Sensitization
15. Descending Pain Modulation

16. Balloon Distension Test

17. Pain Catastrophizing

Prerequisites
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« Chapter 2: The Vagus Highway (afferent signals, spinal afferent nerves, interoception)
« Chapter 4: The Immune System as a Sense Organ (inflammation and cytokines)

o Chapter 7: Stress and the Gut (the stress response and mast cells)

Same signal, different pain

Belly pain is one of the most common reasons people see a doctor, and one of the most
frustrating, because tests often come back normal. This chapter explains how pain is built
from signals that can be turned up or down at several stops along the way. If anyone has
ever told you your pain was "just in your head," you're about to see why that sentence gets
the science wrong.

8.1 Same Gas, Different Pain

Imagine two students sitting side by side in an assembly. Both ate the same bean burrito, and both have about
the same amount of gas stretching their intestines. One, Riya's lab partner, doesn't notice a thing. The other,
Sam, has a cramping pain low in his belly and spends the assembly planning the fastest route to the restroom.
Who is right about how much their gut "should" hurt?

The answer is both of them. Sam (a fictional student who appears throughout this book) has IBS with mixed
bowel habits, and gut pain is one of his main symptoms. It flares before big tests and races. He was
diagnosed at 15, after tests ruled out other causes, and his gut shows no damage. Yet the pain is as real as a
stubbed toe. Meanwhile his best friend Riya, who has Crohn's disease, notices that her pain changes
depending on whether her disease is active. During a flare, when her intestine is inflamed, even a normal meal
can hurt. In remission, the same meal is usually fine.

Sam and Riya are living examples of this chapter's big idea: pain is not a simple measure of what is
happening in the gut. It is something the nervous system builds, and the "volume" can be set differently in
different people, or in the same person on different days.

8.2 A Smoke Alarm With a Volume Knob

Before we name any nerves, think about a smoke alarm. It has a detector that senses smoke, a circuit board
that decides whether the signal is strong enough to sound the alarm, and a speaker that makes the noise.

Now imagine three ways the alarm could start going off at the smell of toast:

1. The detector becomes extra sensitive, so a little smoke looks like a lot.
2. The circuit board turns up its amplifier, so even a weak signal triggers the full alarm.

3. Someone removes the "hush" button that normally lets a person quiet false alarms.
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In all three cases, the toast is the same. What changed is the alarm system. The pain system works in a
similar way. Sensors in the gut are the detectors. Neurons in the spinal cord are the circuit board. The brain is
both the speaker and the person with the hush button. This chapter walks through each part, and the
MicroSim later lets you turn each dial yourself.

Pain perception is the brain's construction of the conscious experience of pain from incoming nerve signals,
shaped by attention, emotion, memory, and context. Scientists use a separate word, nociception, for the nerve
activity caused by a harmful or possibly harmful stimulus. The International Association for the Study of Pain
(IASP), the main scientific organization for pain research, revised its official definition of pain in 2020. In short,
it describes pain as an unpleasant sensory and emotional experience linked to actual or possible tissue
damage, or one that resembles such an experience. Its notes add two points that matter for this chapter: pain
and nociception are different things, and pain cannot be inferred just from activity in sensory neurons.

So nerve signals are the raw material, but pain is what the brain makes of them. That is why two people with
the same gut stretch can have different pain, and why pain can be real even when no damage shows up on a

scan.

Pain is a report, not a ruler

©) | carry a lot of gut signals up to the brain, and | can tell you the brain doesn't just read

them like a ruler. It weighs them against everything else going on, then decides how loud
the alarm should be. That makes pain real and adjustable at the same time.

8.3 The Detectors: Nociceptors

Let's start at the detector end. A nociceptor is a sensory nerve ending that responds to stimuli that could
damage tissue, such as strong pressure, extreme heat, harsh chemicals, or the chemicals released during
inflammation. IASP describes nociceptors as high-threshold receptors, meaning they normally need a strong
stimulus before they fire. ("Noci" comes from a Latin word for harm.) Nociceptors are not the same as pain.
They are detectors that send warning signals; pain happens only if the brain builds an experience from those
signals.

Nociceptors are found almost everywhere in the body, but they behave differently in different tissues. That
gives us two broad kinds of pain.

Somatic pain is pain that comes from the skin, muscles, bones, and joints (the "body wall"). It is usually sharp
or aching and easy to point to. If you cut your finger, you know exactly which finger.

Visceral pain is pain that comes from internal organs (the viscera), such as the stomach, intestines, bladder,
or heart. It tends to feel dull, crampy, or deep, and it is hard to pinpoint. A 2016 review of visceral pain by
Gebhart and Bielefeldt explains why: internal organs have relatively sparse sensory nerve supply compared
with other tissues, and they are supplied by two sets of sensory nerves that overlap in what they do. As a
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result, visceral sensations are diffuse and are often felt in other places on the body. The same review notes
that about one-third of people with chronic pain report that internal organs contribute to their pain.

The gut's sensory endings respond especially to stretch of the gut wall and to inflammation. The table below
sums up the two kinds of pain.

Feature Somatic pain Visceral pain

Where it comes from Skin, muscles, bones, joints Internal organs, such as the gut

How it feels Often sharp, clear Often dull, crampy, deep, or vague
Easy to locate? Usually yes Usually no; often felt somewhere else
Density of sensory nerves Dense Sparse

Example Stubbing a toe Gas or a cramp in the intestine

How do gut signals reach the central nervous system? In Chapter 2 you met the vagus nerve and the spinal
afferent nerves. A 2013 review by Brookes and colleagues describes three routes from the gut: a vagal route,
and two spinal routes (one entering the spinal cord in the middle and lower back, called thoracolumbar, and
one lower down, called lumbosacral). Together these carry feelings of fullness, bloating, nausea, discomfort,
urgency, and pain. The roles overlap, but researchers generally describe the spinal afferents as the main pain
route from the colon, while the vagus carries mostly non-painful information, such as fullness and nausea.
(See Chapter 2 for the vagus side.)

Brookes and colleagues also describe "silent" gut sensory endings, which matter later in this chapter. These
endings are quiet most of the time and don't respond to ordinary stretch, but inflammatory chemicals can
switch them on. Keep that in mind when we get to Riya's flares.

If you're going through this

If your belly pain is hard to describe, that's not because you're bad at explaining it. Visceral pain really is
vague, since the gut has fewer, more spread-out sensors than your skin. Simple notes for your care team
can help: when the pain happens, what it feels like, and what was going on that day. Doctors can use
patterns like these even when the pain is hard to put into words.

8.4 Why Gut Pain Shows Up in the Wrong Place: Referred Pain

Here is a puzzle. When the heart is starved of oxygen during a heart attack, many people feel pain not in the
chest alone but in the left shoulder and arm. The open textbook Anatomy and Physiology 2e (OpenStax) uses
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exactly this example. Why would the brain put heart pain in the arm?

Referred pain is pain from an internal organ that is felt at a different spot on the body surface, usually skin or
muscle supplied by nerves entering the same part of the spinal cord. The leading explanation, according to
OpenStax, is that sensory fibers from the organ enter the spinal cord at the same level as sensory fibers from
that patch of body surface. OpenStax says the brain then misreads the signal as coming from that body
surface. One common way to picture it: signals from the body surface are far more frequent, so the brain bets
that the trouble is there. OpenStax also notes that the pattern is not random, but the exact mechanism has not
been firmly established.

Think of an apartment building where two apartments share one doorbell wire. When the bell rings, the person
at the front desk usually assumes the visitor is for the apartment that gets most of the visitors. They are
wrong some of the time, and that is referred pain.

Gut pain follows the same rule. In a classic balloon study of the colon in 1973 (more on it soon), people felt
the pain from a balloon in the lower colon in different places: about 40% in the lower middle belly, 31% in one
or both sides of the lower belly, 21% in the rectum, and the rest in the back or elsewhere. Same balloon, same
spot in the colon, very different locations on the body map. That is why doctors ask detailed questions about
pain location, but never rely on location alone.

Pointing is not proof

Q When your belly hurts "right here," that tells the doctor something useful, but it doesn't pin
down which organ is involved. That's normal for visceral pain, so expect questions about
timing, triggers, and bowel habits too.

8.5 The Route Up: From the Gut to the Brain

Now we follow the signal upward. You may remember the basic parts of the nervous system from biology
class. Neurons pass signals to each other across junctions called synapses, and the spinal cord carries
information between the body and the brain. For a deeper refresher on pain pathways, see From Neuron to
Bedside, Chapter 6. Here is the short version, focused on the gut.

Step 1: The sensory neuron's home base. A dorsal root ganglion is a cluster of sensory neuron cell bodies
sitting just outside the spinal cord, on the nerve root that enters the back (dorsal) side of the cord. Each
sensory neuron has one long branch reaching out to the gut wall and another reaching into the spinal cord.
OpenStax notes that visceral sensory neurons have their cell bodies either in a dorsal root ganglion or in a
sensory ganglion of a cranial nerve (for the vagus, that's the nodose ganglion from Chapter 2).

Step 2: The first relay station. The dorsal horn is the back part of the spinal cord's gray matter, where
incoming sensory neurons form synapses with spinal neurons that carry the signal on toward the brain. This is
the "circuit board" in our smoke alarm. As you'll see, signals can be boosted or dampened here.


https://pubmed.ncbi.nlm.nih.gov/4696535/
https://aaryavvatts-lab.github.io/neuroscience-textbook/chapters/06-hearing-touch-taste-smell-pain/
https://aaryavvatts-lab.github.io/neuroscience-textbook/chapters/06-hearing-touch-taste-smell-pain/

Step 3: The brain's sorting center. The thalamus is a pair of egg-shaped structures deep in the middle of the
brain that relays most incoming sensory information to the outer brain (the cortex). OpenStax describes it as a
required transfer point for most sensory pathways on their way to the cortex. Pain signals pass through it too.

Step 4: Where the experience is built. From the thalamus, signals reach several cortex areas. Two matter
most for gut pain:

o Theinsula is a region of cortex folded deep inside each side of the brain that maps signals from inside
the body, such as gut stretch, heartbeat, and breathing. It is a key area for interoception, the sense of the
body's internal state that you met in Chapter 2.

» The anterior cingulate cortex (ACC) is a strip of cortex near the front of the brain, along the midline just
above the band of fibers that connects the two halves of the brain, that helps give pain its unpleasant,
emotional, "l need to do something about this" quality and helps focus attention on it.

How do we know these areas are involved? Researchers have used brain scanners (functional MRI and similar
tools) while gently stretching the rectum with a balloon. In 2011, Tillisch, Mayer, and Labus pooled the
published scanning studies in a meta-analysis (a study that statistically combines the results of many earlier
studies). In both people with IBS and healthy volunteers, the stretch consistently activated the thalamus, the
insula, and part of the cingulate cortex called the anterior midcingulate. People with IBS showed more
consistent activation in regions linked to emotional arousal, including the pregenual part of the anterior
cingulate cortex and the amygdala, and in a midbrain area involved in the body's own pain control. Healthy
volunteers more often activated parts of the prefrontal cortex linked to thinking and control.

This was a human study, but it shows patterns of brain activity, not cause. It can't tell us whether the brain
differences cause IBS symptoms, come from years of having symptoms, or both.

Four stops, that's it

Lots of new names here, so shrink it to four stops: gut sensor, root ganglion, dorsal horn,
then thalamus to the insula and ACC. Every "volume knob" in the rest of this chapter sits

at one of those stops.

8.6 The Gate in the Spinal Cord

Have you ever bumped your elbow and rubbed it without thinking? Rubbing seems to make it hurt less. In
1965, Ronald Melzack and Patrick Wall published a famous paper in the journal Science, called "Pain
mechanisms: a new theory," that offered an explanation.

Gate control theory is the idea, proposed by Melzack and Wall in 1965, that the dorsal horn of the spinal cord
works like a gate that can let pain signals through to the brain or partly block them, depending on other
incoming signals and on signals coming down from the brain. As a 2022 review by Clifford Woolf summarizes
it, signals from large touch fibers activate small inhibitory neurons in the dorsal horn, which partly close the
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gate on signals from thin pain fibers. Activity in the thin pain fibers does the opposite and opens the gate. The
theory also proposed that the brain itself could send signals down to adjust the gate.

So rubbing the elbow sends a flood of touch signals that partly close the gate on the pain signals from the
same spot. That's the elbow trick.

Gate control theory changed how scientists think about pain: it is not a straight wire from injury to brain. But
Woolf's 2022 review argues that the original wiring diagram is now outdated and oversimplified, since real
spinal circuits are far more complex. A fair summary: the circuit Melzack and Wall drew was too simple, but
their big idea, that pain signals are adjusted on the way up, has held up.

8.7 The Brain's Volume Knob: Descending Pain Modulation

The gate is not controlled only from below. The brain can reach down and adjust it. Descending pain
modulation is the brain's ability to turn incoming pain signals down (or up) by sending signals from the
brainstem down to the dorsal horn of the spinal cord. A key area for this is the periaqueductal gray, a ring of
gray matter around a fluid channel in the midbrain, which works with other brainstem areas.

In the smoke alarm comparison, this is the person with the hush button. Stress can push this system in either
direction. A sudden burst of intense stress or fear can turn pain down for a while, which helps explain why an
athlete may not notice an injury until after the game; researchers call this stress-induced analgesia. Ongoing
stress, worry, and close attention to pain tend to work the other way. In animal studies, many kinds of stress
make the gut more sensitive to stretch, and in people, stress is linked to IBS symptoms starting or getting
worse. Calm, distraction, and a sense of control can push the system toward turning pain down.

One way researchers test descending control is with a trick: give someone a strong, painful stimulus in one
part of the body and see whether pain somewhere else gets weaker. In a healthy nervous system, it often
does, as if the brain dampens pain signals across the body when a strong new pain arrives. Researchers call
this the "pain inhibits pain" effect, or diffuse noxious inhibitory controls (in human studies it is now usually
called conditioned pain modulation). The study below used this test, and a Hype Meter grade follows it (see
the Hype Meter if you need a reminder of what the grades mean).

In 2004, Wilder-Smith and colleagues in Switzerland scanned the brains of 10 women with IBS (5 with
constipation and 5 with diarrhea) and 10 healthy women. A balloon gently stretched the rectum to cause pain,
and the women rated the pain from 0 (none) to 10 (worst). Then the researchers repeated the stretch while
each woman put her foot in painfully cold ice water. In healthy women, the ice water lowered rectal pain
scores (by a median of 1.5 points on the 10-point scale). In the women with IBS, the ice water did not
significantly lower rectal pain. Brain activity in areas including the periaqueductal gray, cingulate cortex, insula,
and amygdala also differed between the groups.
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How to read a gut-brain claim: the 2004 ice-water study

Question This study

Mouse or Human. Adult women only.

human?

Correlation or It compares groups, so it shows a difference linked to IBS, not what caused it. The
cause? ice water was an experiment within each person, but nobody was assigned to have

IBS. Weaker pain control could contribute to IBS pain, or years of pain could change
pain control, or both.

How many? Very few: 10 women with IBS and 10 healthy women. Results this small can change
when repeated.

How long? One scanning session per person. It can't show whether the difference lasts or
changes with treatment.

Who paid for The paper says the study was partly supported by a research grant from
it? AstraZeneca, a drug company.

Is something No product is tested or sold in the paper.

being sold?

The careful conclusion: this small study supports the idea that the brain's built-in pain brakes may work
differently in some people with IBS. It does not prove that weak pain brakes cause IBS, and it doesn't tell us
about men, teens, or people with other gut conditions. That's why the idea gets a Preliminary grade below.

Hype Meter: "In IBS, the brain's pain brakes don't work"

Verdict: Preliminary. In a 2004 human study of 20 women, a painful ice-water stimulus to the foot
reduced rectal pain in healthy women but not in women with IBS, and a meta-analysis of brain scanning
studies found differences in a region involved in pain control. These are small or correlational studies,
and "don't work" overstates them: the brakes may work differently in some people, not fail in everyone.
What would change the grade: Larger studies with men and women, repeated in different labs, that show
weaker descending control predicts who develops IBS pain (not just who already has it), would move it
toward Moderate.



8.8 When the Alarm Is Set Too Sensitive: Visceral Hypersensitivity

Now we can name the main idea that connects all of this to IBS. Visceral hypersensitivity is a lowered
threshold for feeling sensations from internal organs, so that normal amounts of gut stretch or activity are felt
as uncomfortable or painful. In smoke alarm terms, the alarm goes off at toast.

How do scientists measure something as personal as gut sensitivity? With a balloon. The balloon distension
test is a research and specialty test in which a thin, soft balloon is placed in the rectum or colon and slowly or
quickly inflated with set volumes or pressures while the person reports when they first feel it, when it feels
uncomfortable, and when it hurts. Some versions use a device called a barostat that controls the pressure
precisely.

The key study is more than 50 years old. In 1973, the physician J. Ritchie published a study in the journal Gut.
He inflated a balloon in the lower (pelvic) colon of 67 patients with what was then called "irritable colon
syndrome" (today's IBS) and 16 comparison volunteers. When the balloon was inflated to 60 milliliters, 55% of
the patients felt pain, compared with only 6% of the comparison group. Ritchie also estimated the tension in
the gut wall at that volume and found it was normal in the patients. Their gut wall wasn't being stretched
harder. Their nervous systems were reporting the same stretch as pain.

Later studies built on this. In 1995, Mertz and colleagues at UCLA tested 100 people with IBS and 15 healthy
controls and reported that 94% of the IBS group showed some form of altered rectal sensation: feeling
discomfort at lower volumes, feeling sensations more strongly, or feeling them in unusual places. The
hypersensitivity showed up only with fast inflation, not slow. That 94% came from one center and counted any
kind of altered sensation, so later reviews describe hypersensitivity as common but not universal. A 2013
review by Farmer and Aziz calls it a key, but not universal, feature. The best summary: many, but not all,
people with IBS have visceral hypersensitivity.

Does sensitivity actually matter for symptoms? In 2018, Simrén and colleagues combined data from five
groups of patients in different countries, 1,144 people with IBS or functional dyspepsia (a disorder of upper-
gut pain and fullness), all of whom had had balloon testing. In every one of the five groups, people with higher
sensitivity reported more severe gut symptoms. This link remained after the researchers accounted for
anxiety, depression, and a general tendency to report body symptoms. The effects were small to medium in
size, and the study shows an association, not proof of cause, but it's consistent across countries and
methods.

Most people with IBS never have a balloon test. Doctors diagnose IBS from symptoms and a few targeted
tests, as you'll see in Chapter 10. Balloon tests are mainly tools for understanding the condition, not for
diagnosing a single patient.
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Hype Meter: "People with IBS feel gut stretch as painful at lower levels, on average"

m Moderate Preliminary Hype

Verdict: Strong. Human balloon studies since 1973 have repeatedly found that, as a group, people with
IBS report pain at lower stretch than people without it (55% vs 6% at one volume in the first study), and a
2018 analysis of 1,144 patients in five cohorts linked higher sensitivity to worse symptoms. The words
"on average" matter: many people with IBS have normal sensitivity on testing. What would change the
grade: Little would lower the group finding. Studies showing exactly why some people become
hypersensitive, and whether treating it improves symptoms for that subgroup, would add the missing

why

8.9 Turning Up the Detector: Peripheral Sensitization

Visceral hypersensitivity can come from changes at different stops along the pathway. Let's start at the gut
end.

Peripheral sensitization is an increase in how strongly sensory nerve endings in a tissue respond, along with a
drop in the stimulus needed to make them fire, usually caused by inflammation or injury in that tissue. IASP
defines it as increased responsiveness and a reduced threshold of nociceptive neurons in the periphery. In
smoke alarm terms, the detector itself is now extra twitchy.

Inflammation is the classic trigger. When tissue is inflamed, immune cells release chemicals (you met
cytokines in Chapter 4) that act directly on nerve endings and make them easier to fire. Remember the "silent"
endings from Section 8.3 that wake up in response to inflammatory chemicals? They add to the signal too.

This is what happens to Riya during a Crohn's flare. Her inflamed intestine sends stronger signals from the
same meal, so ordinary digestion hurts. When treatment calms the inflammation and she returns to remission,
the detectors usually settle back down. The pain followed the inflammation.

What about IBS, where there's no visible inflammation? Some research points to small-scale immune activity.
In 2004, Barbara and colleagues in Italy studied colon biopsies (tiny tissue samples) from 44 people with IBS
and compared them with healthy controls. Thirty-four of the 44 (77%) had more of the lining taken up by mast
cells, the immune cells you met in Chapter 7 that release chemicals such as histamine. Only the mast cells
close to nerve fibers (within 5 micrometers, far less than the width of a hair) were linked to how often and how
badly people felt pain. This is human evidence, but it's a correlation in one group of patients, not proof that
mast cells cause IBS pain.

One more finding matters for people with IBD. A 2020 meta-analysis by Fairbrass and colleagues pooled
studies of 3,169 adults with IBD whose disease was in remission. About 32.5% reported symptoms that
matched IBS criteria. When remission was confirmed by looking inside the bowel with a scope, the figure was
lower but still about 23.5%. People with these IBS-type symptoms also had higher anxiety and depression
scores. In other words, some people with IBD keep having gut pain even after the inflammation has calmed,
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which suggests the pain system itself may have stayed turned up. This is an association in adults, so it can't
tell us the cause, and it doesn't apply automatically to teens.

8.10 Turning Up the Amplifier: Central Sensitization

Now move from the detector to the circuit board. Central sensitization is an increase in the excitability of pain-
processing neurons in the spinal cord and brain, so that normal or weak incoming signals produce stronger
pain responses. In smoke alarm terms, the detector works normally, but the circuit board has cranked up its
amplifier.

In 2011, the pain researcher Clifford Woolf described central sensitization in a review as a prolonged but
reversible increase in the excitability and strength of connections in central pain pathways. It can be triggered
in healthy volunteers by strong painful stimuli to the skin, muscles, or internal organs, and it can be seen in
changes in brain activity. Woolf lists visceral pain hypersensitivity disorders among the conditions in which
central sensitization appears to contribute, along with fibromyalgia, headaches, and some joint and nerve pain.

Two words in that description deserve attention.
 Reversible means the amplifier can be turned back down. Central sensitization is a change in how
neurons are behaving, not permanent damage.
» Appears to contribute means scientists think it plays a role, but it is not the only cause, and there is still

no simple test that measures it in one person.

The two kinds connect. Strong or long-lasting signals from an inflamed gut can themselves trigger central
sensitization, which may help explain why some people keep having pain after a gut infection or during IBD
remission. This idea is still being studied.

Central does not mean imaginary

"Central sensitization" means real neurons in the spinal cord and brain are firing more
strongly, which you could measure in a lab. It never means "made up." When the amplifier
is turned up, the pain is exactly as real as pain from an injury.

8.11 Try It: The Pain Amplifier

You now know three "dials" that can change pain from the same gut stretch. In the simulation below,
"peripheral sensitivity" is the detector (peripheral sensitization), "central gain” is the dorsal horn amplifier
(central sensitization), and "brain state" is the hush button (descending pain modulation, turning pain down
when calm and up when stressed). The meter shows felt pain from 0 to 10, and a navy marker shows what a
“typical body" would feel from the same stretch.
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Diagram: Pain Amplifier

Pain Amplifier

Keep the gut stretch the same. Change the three dials and watch the felt pain.
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Back to Pain Amplifier Lesson Plan

Interactive simulation: https://aaryavvatts-lab.github.io/gut-brain-textbook/sims/ch08-pain-amplifier/main.htm|

Open the Pain Amplifier fullscreen
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o MicroSim specification: Pain Amplifier v

Type: microsim sim-id: ch08-pain-amplifier

Library: p5.js

Status: Implemented

Bloom Level: Understand, Analyze

Bloom Verb: explain, analyze

Learning Objective: The learner will explain how peripheral sensitization, central sensitization, and descending
modulation change the pain felt from the same gut stretch, and analyze why a pain score alone cannot show
where the signal was amplified.

Canvas: 440 px drawing area plus 170 px controls (iframe 612 px); responsive to about 380 px wide.

Controls: Start/Pause, Reset, Show typical body checkbox; Gut stretch slider (0 to 10, step 1, default 6);
Peripheral sensitivity slider (1x to 3x, step 0.25, default 1x); Central gain slider (1x to 3x, step 0.25, default 1x);
Brain state slider (very calm, calm, neutral, stressed, very stressed; default neutral).

Rules: Spinal output = stretch x peripheral sensitivity x central gain x descending factor (0.6,0.8,1.0,1.2,1.4
from very calm to very stressed). Below a threshold of 4 (arbitrary units) nothing is felt. Above it, felt pain = 10 x
(1 - e*(-(output - 4)/6)), so pain rises and levels off near 10. The typical body uses all dials at their defaults.

Feedback: Signal dots and path thickness grow with signal strength; the descending line turns green (calm) or
red (stressed); a readout compares felt pain with the typical body and names the state.

Provenance: Sections 8.6 to 8.10 (Woolf 2011; Wilder-Smith 2004; Gebhart and Bielefeldt 2016; IASP
terminology). All numbers are illustrative teaching values.

Start with every dial at its default and press Start. With a gut stretch of 6, the typical body feels mild pain. Now
drop the stretch to 3: the signal still travels up the spinal cord, but it stays below the threshold, so it is sensed
but not felt as pain. That's like most of the gut activity you never notice. Set the stretch back to 6 and raise
peripheral sensitivity to 2x. The same stretch now hurts much more, which is roughly what happens to Riya
during a flare.

Next, reset and raise only the central gain. Notice that a boost in the spinal cord gives the same felt pain as
the same boost in the gut. The meter can't tell where the amplification happened, and neither can a pain score
in a clinic. Finally, with central gain at 2x, slide the brain state from "very calm" to "very stressed," the kind of
swing Sam feels before a race. The gut hasn't changed at all, yet the pain moves several points.




What this model leaves out

» Real pain is built from many signals at once (stretch, chemicals, inflammation, motility), not one
stretch slider.

» Peripheral and central sensitization interact over time; strong gut signals can cause central
sensitization, which the sim treats as separate, fixed dials.

» The brain's influence includes attention, memory, expectations, mood, and sleep, not just a single
calm-to-stressed slider. In the sim, "stressed" always turns pain up, but a sudden, intense stress can
sometimes turn pain down for a while (stress-induced analgesia).

» The vagus nerve, the many brain regions involved, and the emotional side of pain are left out or
shown as single dots.

e The threshold, the multipliers, and the 0 to 10 output are made-up teaching numbers. The sim cannot
predict any real person's pain.

8.12 Thoughts, Feelings, and the Volume of Pain

The brain doesn't adjust pain only through automatic circuits. What we expect, fear, and pay attention to also
feeds into the descending system. This is where many people with chronic pain start to feel blamed, so let's be
careful and precise.

Pain catastrophizing is a pattern of thinking about pain in which a person tends to dwell on it, expect the
worst from it, and feel helpless to do anything about it. The term comes from pain psychology. The most
widely used questionnaire, the Pain Catastrophizing Scale (developed by Sullivan and colleagues in 1995),
measures three parts: rumination (not being able to stop thinking about the pain), magnification (seeing the
pain as more threatening), and helplessness (feeling nothing can be done).

The name sounds harsh, but it doesn't mean "overreacting." It describes a common, understandable pattern
that often grows when pain is unpredictable, unexplained, or not believed. Researchers study it because it
seems to turn the pain volume up, possibly through descending pathways, and because it can change with
practice.

For example, in a 2018 study of 261 children with IBS (average age about 10), Hollier and colleagues found
that pain catastrophizing partly accounted for the link between anxiety and how severe the children's
abdominal pain was. Children with more anxiety tended to catastrophize more, and more catastrophizing went
with worse pain. The authors pointed out that their design (measuring everything at one time point) can't prove
cause. It's a human, correlational finding, but it suggests that thinking patterns about pain may be a useful
target for treatment.

This connects to treatment. Brain-gut behavioral therapies, such as cognitive behavioral therapy (CBT) and
gut-directed hypnotherapy, teach skills to change how the brain responds to gut signals. In a 2024 network
meta-analysis of 42 randomized trials with 5,220 people with IBS, Goodoory and colleagues found that several


https://pmc.ncbi.nlm.nih.gov/articles/PMC6651721/
https://pubmed.ncbi.nlm.nih.gov/38777133/

of these therapies, including self-guided CBT and face-to-face gut-directed hypnotherapy, may improve
abdominal pain more than control treatments. No trial was at low risk of bias in every area, so the size of the
benefit may be overestimated.

The 2021 American College of Gastroenterology IBS guideline also suggests gut-directed psychotherapy for
overall IBS symptoms ("suggests" is the guideline's word for a conditional recommendation, weaker than
"recommends"). Some doctors also use certain medicines at low doses as "gut-brain neuromodulators," which
act on nerve signaling to dial pain down; using them doesn't mean a person's pain is caused by depression or
anxiety. You'll learn more about these treatments in Chapter 10 and Chapter 18.

None of this says "the pain is psychological." Researchers think these therapies work partly through the same
pain-control circuits that the brain scans point to. Changing the brain's response to a real signal is a real
treatment for a real problem.

Living with pain that comes back again and again can also wear down a person's mood. Long-lasting pain,
poor sleep, and worry tend to feed each other, and people with chronic gut pain have higher rates of anxiety
and depression symptoms, as Chapter 11 explains. If pain is making you feel hopeless, that deserves care just
as much as the pain itself.

If you are struggling right now

If you are thinking about suicide or are in crisis, call or text 988 to reach the 988 Suicide & Crisis Lifeline
(in the US), or go to the nearest emergency room. Outside the US, you can find a helpline at
findahelpline.com. You can also talk to a parent, school counselor, or doctor.

For families

When a teen's tests come back normal, it can be tempting to feel relieved and say, "See, there's nothing

wrong." To a teen in pain, that can sound like "we don't believe you." Try "I'm glad it's nothing dangerous.
Let's figure out how to make it hurt less." Avoid asking “Is it really that bad?" and instead ask what helps
and what makes it worse. Helping a teen keep up with school, sleep, and friends, while working with the
care team on a plan, usually helps more than either pushing through or stopping everything.

8.13 "It's All in Your Head": Why That Phrase Is Wrong

Let's put the chapter together and grade the claim that hurts many people with gut pain the most.

Normal blood work, stool tests, or a colonoscopy show that certain diseases (like inflammation, bleeding,
infection, or cancer) are unlikely. They don't measure how sensitive the nerves are, how much the dorsal horn
amplifies signals, or how well the brain's pain brakes work. Those are real biological processes, but they don't
show up on a standard scan.


https://pubmed.ncbi.nlm.nih.gov/33315591/
file:///private/var/folders/z8/p2qs5_sn0g30wkq_2lwp64j40000gn/T/pdfbuild-05gz7t7h/site/chapters/10-ibs-and-dgbi/
file:///private/var/folders/z8/p2qs5_sn0g30wkq_2lwp64j40000gn/T/pdfbuild-05gz7t7h/site/chapters/18-sleep-exercise-therapy/
file:///private/var/folders/z8/p2qs5_sn0g30wkq_2lwp64j40000gn/T/pdfbuild-05gz7t7h/site/chapters/11-anxiety-depression-gut/
https://findahelpline.com/

A 2019 review by Grundy, Erickson, and Brierley estimates that chronic visceral pain affects more than 20% of
people worldwide (including pelvic and bladder pain, not only the gut), often with no obvious structural cause.
If "normal tests" meant "imaginary," a huge share of humanity would be imagining their pain.

Hype Meter: "If your tests are normal, the pain is in your head"

Strong Moderate Preliminary

Verdict: Hype. Standard tests look for structural disease, not for how sensitive the pain system is.

Human balloon studies since 1973 show that many people with IBS feel normal gut stretch as painful
while their gut wall tension is normal, and brain scans show real differences in how the brain processes
gut signals. Pain always involves the brain, but that makes it real, not imaginary. What would change the
grade: Nothing realistic. The careful version, "normal tests can mean the pain comes from a sensitized
pain system rather than damage,’ is already well supported.

At the Bedside: A Year of Belly Pain and Normal Tests

0 Meet the patient (fictional)

Nadia is 17 and a high school senior. For about a year she has had cramping lower-belly pain several days a
week, often after meals and a little better after a bowel movement. Her stools switch between loose and hard.
She has quit her dance class and skips lunch because she worries the pain will hit in class. An emergency room
visit ended with "Everything looks fine," and her mom has started to wonder if Nadia is exaggerating. So has
Nadia.

What the doctor checks: A pediatric gastroenterologist takes a detailed history: when the pain happens, how it
relates to bowel movements, what her stools are like, and whether there are warning signs such as blood in
the stool, weight loss, waking at night with diarrhea, fever, or a family history of IBD or celiac disease. Nadia
has none. The doctor examines her belly and orders a few targeted tests: blood tests, a celiac blood test, and
a stool test for inflammation (fecal calprotectin, which you'll meet in Chapter 9). All are normal. No balloon
test is needed, because IBS can be diagnosed from symptoms plus limited testing.

Connecting the signals: Normal tests make inflammation, celiac disease, and other structural problems
unlikely. But her months of pain linked to bowel movements and stool changes fit a disorder of gut-brain
interaction. The doctor uses a picture like this chapter's smoke alarm: her nervous system is likely turning
normal gut activity up into pain (visceral hypersensitivity), and her fear of pain in class may be raising the
volume further through descending pathways.

Diagnosis: Irritable bowel syndrome (IBS) with mixed bowel habits, a disorder of gut-brain interaction.
(Chapter 10 covers how IBS is diagnosed.)


https://pubmed.ncbi.nlm.nih.gov/30379615/

Why it happens: Visceral hypersensitivity can come from peripheral sensitization in the gut, central
sensitization in the spinal cord and brain, and differences in descending pain modulation. Researchers don't
yet know which mix applies to Nadia. Her pain is real because the signals and the amplification are real.

The mind-body side: The doctor says clearly, "Your pain is real, even though your tests are normal," and Nadia
cries with relief. The team suggests her mom believe Nadia's reports while helping her slowly return to
routines like dance. Nadia is referred to a psychologist who works with gut conditions, and her school
counselor sets up a restroom pass so she doesn't have to explain herself.

Treatment today: Her plan may include learning how the gut-brain pain system works, a brain-gut behavioral
therapy such as CBT or gut-directed hypnotherapy, a visit with a dietitian, and possibly a medicine her doctor
chooses, such as a low-dose gut-brain neuromodulator. Her doctor explains that these medicines act on pain
signaling and don't mean her pain is "really depression." Medicine decisions belong to Nadia, her family, and
her doctor.

What's new in research: In 2026, Algera and colleagues in Sweden reported a non-invasive test of gut
sensitivity in which people drink a sugar solution (lactulose with a nutrient drink) and rate symptoms such as
pain and bloating for 4 hours. The researchers set the cutoff for "hypersensitive" from how 133 healthy
volunteers responded, and by that cutoff, 76% of 273 people with IBS were hypersensitive. Those with lower
rectal pain thresholds on balloon testing were more likely to be hypersensitive, but so were people whose gut
bacteria made more hydrogen gas from the sugar, so the test measures gas production as well as nerve
sensitivity. Evidence grade: Preliminary. It is one study from a single research group that defined its own
cutoff, and other centers need to repeat it before it could become a routine test.

Your turn: reason through a variation

Riya has been in remission from Crohn's disease for eight months. Her latest stool calprotectin and her
colonoscopy showed no active inflammation, but she has started having crampy belly pain again before
orchestra concerts. Using this chapter, how would you reason about this?

Answer: The first step belongs to her care team: make sure there is no new inflammation, since a flare must be
found and treated. If her disease really is quiet, her pain could still be real. Studies of adults with IBD in remission
find that about a quarter to a third report IBS-type symptoms, possibly because earlier inflammation left the pain
system more sensitive (peripheral and central sensitization), and pre-concert stress could be turning the volume
up through descending pathways. Her team might then add gut-brain approaches rather than stronger IBD
medicines.

This is a fictional teaching case. It is not medical advice. If you or someone you know has symptoms like these,
talk to a doctor.

Common Misconceptions
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Myth: The amount of pain always matches the amount of damage in the body.
Reality: Pain is built by the nervous system from signals that can be turned up or down at several stops. A gut
with no visible damage can hurt a lot, and some damage causes little pain.

Myth: Gut pain is easy to locate, so where it hurts tells you which organ is the problem.

Reality: Visceral pain is vague because internal organs have sparse, overlapping sensory nerves, and it is
often referred to other spots on the body. In Ritchie's 1973 balloon study, the same balloon in the colon was
felt in the lower belly, the sides, the rectum, or the back.

Myth: More pain always means the disease is getting worse.

Reality: Pain can rise because the pain system is more sensitive, because of stress, or because of poor sleep,
without any change in disease. For people with IBD, new pain still needs to be checked by the care team, but
some people in remission have IBS-type pain without active inflammation.

Myth: Central sensitization means the pain is imaginary or "all in your head."
Reality: Central sensitization is a measurable increase in the excitability of real neurons in the spinal cord and
brain. It is reversible, and the pain it causes is as real as pain from an injury.

Your Gut Check

Test yourself. Try each one before you open the answer.

1. Claim Check: "Doctors couldn't find anything wrong, so my IBS pain is just stress. If | relax enough it
will go away for good."

Grade: Hype. The claim mixes something true with two leaps. It's true that stress can turn pain up through
descending pathways, and in randomized trials, therapies that calm the brain's response to gut signals may
reduce pain (moderate-quality evidence). But IBS pain also involves visceral hypersensitivity, which can come
from peripheral and central sensitization, not stress alone, and "go away for good" promises more than any study
shows. A careful version: "Normal tests don't mean my pain isn't real. Stress can make it worse, and brain-gut
therapies can help many people feel less pain."

2. Predict: Sam takes a balloon distension test on a calm, rested morning, and again the morning of
the state cross-country meet. Predict how his pain ratings might differ, and explain the pathway.

His pain ratings would likely be higher on race morning, at the same balloon volume. Stress and worry can push
descending pain modulation toward turning signals up at the dorsal horn, and attention to his gut may raise the
volume further. His gut stretch is the same both days; what changes is how much the signal is amplified on its
way to the brain. (This is a prediction from the model in this chapter, not a result from a specific study of race
days. A sudden, intense stress can sometimes dampen pain instead, so the real answer could vary.)



3. Explain: Why might Riya's belly hurt after an ordinary meal during a flare, but not in remission?

During a flare, her inflamed intestine releases inflammatory chemicals that act on nerve endings. This peripheral
sensitization lowers the threshold for those endings to fire and can wake up normally silent endings, so the
same meal produces a stronger signal. When treatment calms the inflammation, the endings usually settle back
toward normal sensitivity, and ordinary meals stop hurting.

4. Apply: A heart attack can cause pain in the left arm. A student says, "That proves the pain signal
travels to the arm." Use referred pain to correct the student.

The signal doesn't travel to the arm. Sensory fibers from the heart enter the spinal cord at the same level as
fibers from the shoulder and arm, so they share relay neurons. The brain receives the signal on that shared line
and, since arm signals are much more common, interprets it as coming from the arm. The pain is felt in the arm,
but its source is the heart.

5. Read the data. In a classic balloon study of the colon (Ritchie, 1973, Gut), a balloon was inflated to 60
milliliters in the lower colon of each person. Here is how many felt pain:

Group Number of people Felt pain at 60 mL
People with irritable colon syndrome (IBS) 67 55%
Comparison group (healthy and constipated volunteers) 16 6%

5. What does this data show, and what can't it show?

It shows that, as a group, people with IBS were far more likely to feel pain at the same balloon volume: 55%
versus 6%. Since Ritchie also found normal gut wall tension in the patients, it supports a more sensitive pain
system, not a harder stretch. It can't show cause (did sensitivity lead to IBS, or did IBS lead to sensitivity?), and
the comparison group was tiny (16 people, so 6% is about 1 person) and included constipated volunteers. It also
can't tell us about any individual, since 45% of the patients felt no pain at that volume. A helpful follow-up: a
larger study that measures sensitivity before people develop IBS, such as after a gut infection, and follows them
over time.

Exercises

Remember

1. What is the difference between a nociceptor and pain?



0 Answer v

A nociceptor is a sensory nerve ending that responds to stimuli that could damage tissue. Pain is the experience
the brain builds from signals like these, shaped by context, attention, and emotion. Nociceptor activity can
happen without pain, and pain cannot be inferred just from sensory neuron activity.

1. List the four main stops a gut pain signal passes on its way to being felt.

0 Answer v

Sensory nerve endings in the gut, the dorsal root ganglion (where the sensory neuron's cell body sits), the dorsal
horn of the spinal cord, and the thalamus, which relays signals to cortex areas such as the insula and anterior

cingulate cortex.

Understand

1. Explain why visceral pain is harder to locate than somatic pain.

Q Answer v

Internal organs have relatively sparse sensory nerves, supplied by two overlapping sets of nerves, so the signals
are diffuse. Visceral fibers also share spinal relay neurons with body-surface fibers, so the brain often refers the
pain to skin or muscle. The skin, by contrast, has dense sensory nerves and a precise body map.

1. In your own words, explain the difference between peripheral sensitization and central sensitization.

0 Answer v

Peripheral sensitization happens at the detector end: nerve endings in the gut become more responsive, often
because of inflammation. Central sensitization happens in the spinal cord and brain: pain-processing neurons
become more excitable, so even normal incoming signals cause stronger pain. Both can lead to visceral
hypersensitivity, and strong peripheral signals can trigger central sensitization.

Apply

1. Using the Pain Amplifier MicroSim, find two different combinations of dials that give a felt pain of about 6
with a gut stretch of 6. Describe both, then explain why a doctor who knows only a patient's pain score
can't tell which "dial" is turned up.



2. A friend with IBS tells you their pain is worse during finals week, even though they're eating the same
foods. Use descending pain modulation and the smoke alarm comparison to explain this to them in three
or four sentences, without suggesting the pain is imaginary.

Analyze

1. Compare the Ritchie 1973 study and the Simrén 2018 study. For each, answer three of the six questions
(mouse or human, correlation or cause, how many). What does the newer study add that the older one
couldn't show?

2. The Fairbrass 2020 meta-analysis found that about 32.5% of adults with IBD in remission had IBS-type
symptoms, but only about 23.5% when remission was confirmed with a scope. Analyze why the way
remission was defined changed the number, and what that suggests about some of the "IBS-type" pain in
the larger group.

Evaluate

1. Some patients dislike the term "pain catastrophizing" because it sounds like blame. Evaluate whether
researchers should keep using it. Give one argument for keeping it, one for replacing it, and your judgment,
using evidence from Section 8.12.

2. Evaluate this headline: "Brain scans prove IBS is a brain disease, not a gut disease." Use the Tillisch 2011
meta-analysis, the Barbara 2004 mast cell study, and at least two of the six questions to decide what
grade the headline deserves.

Create

1. Design a study to test whether gut-directed hypnotherapy reduces visceral hypersensitivity in teens with
IBS. Describe your groups, how you would measure sensitivity before and after, how long you would follow
participants, and the result that would support your hypothesis.

2. Create a one-page handout for a school nurse titled "When a Student Has Gut Pain and Normal Tests." Use
at least three ideas from this chapter (such as visceral hypersensitivity, central sensitization, or
descending modulation) in plain language, and include two things the nurse should say and one thing to

avoid saying.

Key Takeaways

 Pain perception is built by the brain from nerve signals. Pain and nociception are different, and pain can't

be read directly from sensory neuron activity.



Visceral pain from the gut is dull, vague, and often referred to other places on the body, because the gut
has sparse, overlapping sensory nerves that share spinal relay neurons with the body surface.

A gut pain signal travels from nociceptors in the gut wall to the dorsal root ganglion, the dorsal horn, the
thalamus, and cortex areas including the insula and anterior cingulate cortex.

Pain signals are adjusted on the way up: gate control theory proposed that the spinal cord can act like a
gate, and descending pain modulation lets the brain turn signals down or up.

Visceral hypersensitivity is common, but not universal, in IBS. Balloon distension tests since 1973 show
that many people with IBS feel normal gut stretch as painful, and higher sensitivity goes with worse
symptoms.

Sensitivity can be turned up at the gut (peripheral sensitization, often from inflammation) or in the spinal
cord and brain (central sensitization, which is real and reversible), and thinking patterns such as pain
catastrophizing can raise the volume further.

Normal tests never mean imaginary pain. In randomized trials, brain-gut therapies such as CBT and gut-
directed hypnotherapy can reduce IBS pain (moderate-quality evidence), likely by working on real pain
circuits.

You traced pain from gut to brain!

You can now explain why the same gut stretch can hurt one person and not another, and
why "your tests are normal” is the start of a conversation, not the end. Next, in Chapter 9,

we'll follow Riya's story into inflammatory bowel disease, where the gut really is inflamed

and the pain system is only part of the picture.
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Quiz: Pain, Sensitivity, and the Gut

Test your understanding of Chapter 8. Choose the best answer, then click Show Answer to check.

Question 1
What is a nociceptor?

A. A brain area that creates the emotional feeling of pain
B. A sensory nerve ending that responds to stimuli that could damage tissue
C. A spinal cord neuron that blocks all pain signals

D. A chemical released by mast cells during inflammation

Show Answer

The correct answer is B. A nociceptor is a high-threshold sensory nerve ending that responds to harmful or
possibly harmful stimuli, such as strong pressure or inflammatory chemicals. Option A describes areas like the

anterior cingulate cortex; nociceptors only detect, and pain itself is built by the brain.

Concept Tested: Nociceptor Bloom's Level: Remember

Question 2

Which structure acts as a relay station that passes most incoming sensory signals, including pain signals, on

to the cortex?

A. The dorsal root ganglion
B. The insula
C. The enteric nervous system

D. The thalamus
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Show Answer

The correct answer is D. The thalamus, deep in the middle of the brain, is a required transfer point for most

sensory pathways on their way to the cortex. The dorsal root ganglion (A) holds the cell bodies of sensory
neurons outside the spinal cord, so it comes earlier in the pathway.

Concept Tested: Thalamus Bloom's Level: Remember

Question 3
What did Melzack and Wall's gate control theory (1965) propose?

A. The dorsal horn of the spinal cord can let pain signals through or partly block them, depending on other
signals

B. Pain signals travel in a straight, unchangeable line from the injury to the brain
C. The gut has a gate that closes when food is digested

D. Pain is felt only when the brain releases a pain chemical

Show Answer

The correct answer is A. Gate control theory proposed that the dorsal horn works like a gate, with touch signals
helping close it and pain-fiber signals opening it, and with input from the brain adjusting it. Option B is the older

"straight wire" view the theory challenged. Today the original circuit is considered too simple, but the idea that
signals are adjusted on the way up has held.

Concept Tested: Gate Control Theory Bloom's Level: Remember

Question 4

Why is pain from the intestines usually harder to pinpoint than pain from a cut finger?

A. The intestines have no sensory nerves at all
B. Gut pain signals travel only through the vagus nerve, which can't carry location

C. Internal organs have sparse, overlapping sensory nerves, and their signals share spinal relays with the
body surface

D. Gut pain is weaker, so the brain ignores where it comes from



Show Answer

The correct answer is C. The viscera have relatively sparse sensory nerve supply from two overlapping sets of
nerves, so the signals are diffuse, and they share spinal relay neurons with skin and muscle, which leads to
referred pain. Option A is wrong: the gut has sensory nerves, which is why stretch and inflammation can hurt.

Concept Tested: Visceral Pain Bloom's Level: Understand

Question 5

In Ritchie's 1973 balloon study, 55% of patients with irritable colon syndrome felt pain at 60 mL versus 6% of

the comparison group, yet the gut wall tension in the patients was normal. What does the normal wall tension
suggest?

A. The patients' guts were being stretched much harder than the comparison group's
B. The patients' nervous systems were reporting the same stretch as more painful
C. The patients were pretending to feel pain

D. The balloon was broken during the patients' tests

Show Answer

The correct answer is B. If the gut wall was under normal tension, the stretch itself wasn't stronger. The
difference was in how the nervous system handled the signal, which is visceral hypersensitivity. Option C
confuses "no extra stretch" with "no real pain"; the pain was real, but the sensitivity was higher.

Concept Tested: Balloon Distension Test Bloom's Level: Understand

Question 6
Which statement best describes central sensitization?

A. A reversible increase in the excitability of pain-processing neurons in the spinal cord and brain
B. Permanent damage to the brain caused by long-lasting pain
C. Pain that a person imagines because they are worried

D. Increased sensitivity of nerve endings in an inflamed gut



Show Answer

The correct answer is A. Central sensitization is a measurable, reversible increase in how strongly central pain
neurons respond, so weak or normal signals cause stronger pain. Option D describes peripheral sensitization,

which happens at the nerve endings in the tissue, not in the spinal cord and brain. Option C is a harmful myth:
the pain is real.

Concept Tested: Central Sensitization Bloom's Level: Understand

Question 7

During a Crohn's flare, Riya notices that an ordinary dinner makes her belly hurt, even though the same meal is
fine when she's in remission. Which mechanism best explains the difference?

A. Gate control: the touch fibers in her belly have stopped working
B. Referred pain: the pain is coming from her arm
C. Pain catastrophizing: she is exaggerating the pain

D. Peripheral sensitization: inflammation makes the gut's nerve endings fire more easily

Show Answer

The correct answer is D. Inflammatory chemicals released during a flare act on nerve endings in the gut,
lowering their threshold and waking up normally silent endings, so the same meal produces a stronger signal.

Option C wrongly treats a biological change as exaggeration; nothing in her story suggests her thinking changed,
but her gut's inflammation did.

Concept Tested: Peripheral Sensitization Bloom's Level: Apply

Question 8

A soccer player twists her ankle badly in the final minutes of a big game but doesn't notice much pain until she
sits on the bench afterward. Which idea from this chapter best explains this?

A. Visceral hypersensitivity
B. Peripheral sensitization
C. Descending pain modulation

D. Referred pain



Show Answer

The correct answer is C. During intense focus and excitement, signals from the brainstem down to the dorsal
horn can turn incoming pain signals down. Once she relaxes, that dampening fades and the pain is felt. Option B
would make the ankle hurt more, not less, and it develops as the tissue becomes inflamed.

Concept Tested: Descending Pain Modulation Bloom's Level: Apply

Question 9

In a 2004 study of 10 women with IBS and 10 healthy women, painful ice water on the foot lowered rectal pain

in the healthy women but not significantly in the women with IBS. Which conclusion does this study best
support?

A. The brain's built-in pain-dampening system may work differently in some people with IBS
B. Weak pain brakes are proven to cause IBS in everyone
C. Ice water is an effective treatment for IBS pain

D. Men with IBS have stronger pain brakes than women with IBS

Show Answer

The correct answer is A. The study suggests a difference in descending pain control in this small group, which is
why it earns a Preliminary grade. Option B overreaches: 20 people, one session, and a group comparison can't
prove cause or apply to everyone. Option D can't be judged, since no men were studied.

Concept Tested: Descending Pain Modulation Bloom's Level: Analyze

Question 10

A 2020 meta-analysis found that about 32.5% of adults with IBD in remission reported IBS-type symptoms, but
only about 23.5% when remission was confirmed by looking inside the bowel with a scope. What is the best
explanation for the difference?

A. Scopes cause IBS-type symptoms

B. Some people counted as "in remission" by symptom scores may still have had hidden inflammation
causing pain

C. IBS-type symptoms are imaginary in people with IBD

D. The scope studies included only children



Show Answer

The correct answer is B. Symptom-based definitions of remission can miss ongoing inflammation, which would
add inflammation-driven pain to the "IBS-type" group. Even with strict scope-confirmed remission, about a
quarter still had symptoms, which suggests a sensitized pain system in some people. Option D is wrong
because the meta-analysis studied adults.

Concept Tested: Visceral Hypersensitivity Bloom's Level: Analyze



