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JJ EE CC TT II VVEE SSO B J After completion of this chapter, the physical 
therapist should be able to do the following:

 � Compare the various types of pain and appraise their positive and negative effects.

 � Choose a technique for assessing pain.

 � Analyze the characteristics of sensory receptors.

 � Examine how the nervous system relays information about painful stimuli.

 � Distinguish between the different neurophysiologic mechanisms for pain control for the 

therapeutic modalities used by clinicians.

 � Predict how pain perception can be modifi ed by cognitive factors.
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Understanding Pain

Th e International Association for the Study of Pain defi nes pain as “an unpleasant sensory 
and emotional experience associated with actual or potential tissue damage, or described 
in terms of such damage.”1 Pain is a subjective sensation, with more than 1 dimension and 
an abundance of descriptors of its qualities and characteristics. In spite of its universality, 
pain is composed of a variety of human discomforts, rather than being a single entity.2 Th e 
perception of pain can be subjectively modifi ed by past experiences and expectations.37

Much of what we do to treat patients’ pain is to change their perceptions of pain.3

Pain does have a purpose. It warns us that something is wrong and can provoke a with-
drawal response to avoid further injury. It also results in muscle spasm and guards or protects 
the injured part. Pain, however, can persist after it is no longer useful. It can become a means 
of enhancing disability and inhibiting eff orts to rehabilitate the patient.4 Prolonged spasm, 
which leads to circulatory defi ciency, muscle atrophy, disuse habits, and conscious or uncon-
scious guarding, may lead to a severe loss of function.5 Chronic pain may become a disease 
state in itself. Often lacking an identifi able cause, chronic pain can totally disable a patient.

Research in recent years has led to a better understanding of pain and pain relief, as 
well as the psychology of pain, off ering new approaches to the treatment of musculoskeletal 
injury and pain.6 Th e evolution of the treatment of pain is, however, incomplete.

Th e control of pain is an essential aspect of caring for an injured patient. Th is chapter 
does not provide a complete explanation of neurophysiology, pain, and pain relief. Several 
physiology textbooks provide extensive discussions of human neurophysiology and neuro-
biology to supplement this chapter. Instead, this chapter presents an overview of some the-
ories of pain control, which are intended to provide a stimulus for the clinician to develop 
his or her own rationale for managing pain.8

Types of Pain
Acute Versus Chronic Pain
Traditionally, pain has been categorized as either acute or chronic. Acute pain is experi-
enced when tissue damage is impending and after injury has occurred. Pain lasting for 
more than 6 months is generally classifi ed as chronic.9 More recently, the term persistent 
pain has been used to diff erentiate chronic pain that defi es intervention from conditions in 
which continuing (persistent) pain is a symptom of a treatable condition.10,11 More research 
is devoted to chronic pain and its treatment, but acute and persistent pain confronts the 
clinician most often.12

Referred Pain
Referred pain, which also may be either acute or chronic, is pain that is perceived to be in 
an area that seems to have little relation to the existing pathology. For example, injury to the 
spleen often results in pain in the left shoulder. Th is pattern, known as the Kehr sign, is use-
ful for identifying this serious injury and arranging prompt emergency care. Referred pain 
can outlast the causative events because of altered refl ex patterns, continuing mechanical 
stress on muscles, learned habits of guarding, or the development of hypersensitive areas, 
called trigger points.

Radiating Pain
Irritation of nerves and nerve roots can cause radiating pain. Pressure on the lumbar nerve 
roots associated with a herniated disc or a contusion of the sciatic nerve can result in pain 
radiating down the lower extremity to the foot.
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Deep Somatic Pain
Deep somatic pain is a type that seems to be sclerotomic (associated with a sclerotome, a 
segment of bone innervated by a spinal segment). Th ere is often a discrepancy between the 
site of the disorder and the site of the pain.

Pain Assessment

Pain is a complex phenomenon that is diffi  cult to evaluate and quantify because it is subjec-
tive and is infl uenced by attitudes and beliefs of the clinician and the patient. Quantifi ca-
tion is hindered by the fact that pain is a very diffi  cult concept to put into words.13

Obtaining an accurate and standardized assessment of pain is problematic. Several 
tools have been developed. Th ese pain profi les identify the type of pain, quantify the inten-
sity of pain, evaluate the eff ect of the pain experience on the patient’s level of function, and/
or assess the psychosocial impact of pain.

Th e pain profi les are useful because they compel the patient to verbalize the pain and 
thereby provide an outlet for the patient and also provide the clinician with a better under-
standing of the pain experience. Th ey assess the psychosocial response to pain and injury. 
Th e pain profi le can assist with the evaluation process by improving communication and 
directing the clinician toward appropriate diagnostic tests. Finally, these profi les provide a 
standard measure to monitor treatment progress.10

Pain Assessment Scales
Th e following profi les are used in the evaluation of acute and chronic pain associated with 
illnesses and injuries.

Visual Analog Scales
Visual analog scales are quick and simple tests to be completed by the patient (Figure 4-1). 
Th ese scales consist of a line, usually 10 cm in length, the extremes of which are taken to 
represent the limits of the pain experience.14 One end is defi ned as “No Pain” and the other 
as “Severe Pain.” Th e patient is asked to mark the line at a point corresponding to the sever-
ity of the pain. Th e distance between “No Pain” and the mark represents pain severity. 
A similar scale can be used to assess treatment eff ectiveness by placing “No Pain Relief” at 
one end of the scale and “Complete Pain Relief” at the other. Th ese scales can be completed 
daily or more often as pretreatment and posttreatment assessments.15

Pain Charts
Pain charts can be used to establish spatial properties of 
pain. Th ese 2-dimensional graphic portrayals are com-
pleted by the patient to assess the location of pain and a 
number of subjective components. Simple line drawings 
of the body in several postural positions are presented to 
the patient (Figure 4-2). On these drawings, the patient 
draws or colors in areas that correspond to the patient’s 
pain experience. Diff erent colors are used for diff er-
ent sensations—for example, blue for aching pain, yel-
low for numbness or tingling, red for burning pain, and 
green for cramping pain. Descriptions can be added to 
the form to enhance the communication value. Th e form 
could be completed daily.16

Figure 4-1 Visual analog scales 

(Reproduced with permission from Prentice. Therapeutic Modalities in 

 Rehabilitation. 4th ed. New York: McGraw-Hill; 2011.)

None Severe

No pain
relief

Complete pain
relief
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McGill Pain Questionnaire
Th e McGill Pain Questionnaire is a tool with 78 words that describe pain (Figure 4-3). Th ese 
words are grouped into 20 sets that are divided into 4 categories representing dimensions of 
the pain experience. Although completion of the McGill Pain Questionnaire may take only 
20 minutes, it is often frustrating for patients who do not speak English well. Th e McGill Pain 
Questionnaire is commonly administered to patients with low back pain. When adminis-
tered every 2 to 4 weeks, it demonstrates changes in status very clearly.2

Activity Pattern Indicators Pain Profi le
Th e Activity Pattern Indicators Pain Profi le measures patient activity. It is a 64-question, 
self-report tool that may be used to assess functional impairment associated with pain. Th e 
instrument measures the frequency of certain behaviors such as housework, recreation, 
and social activities.10

Numeric Pain Scale
Th e most common acute pain profi le is a numeric pain scale. Th e patient is asked to rate his 
or her pain on a scale from 1 to 10, with 10 representing the worst pain the patient has expe-
rienced or could imagine (Figure 4-4). Th e question is asked before and after treatment. 
When treatments provide pain relief, patients are asked about the extent and duration of the 
relief. In addition, patients may be asked to estimate the portion of the day that they expe-
rience pain and about specifi c activities that increase or decrease their pain. When pain 
aff ects sleep, patients may be asked to estimate the amount of sleep they got in the previous 
24 hours. In addition, the amount of medication required for pain can be noted. Th is infor-
mation helps the clinician assess changes in pain, select appropriate treatments, and com-
municate more clearly with the patient about the course of recovery from injury or surgery.

Figure 4-2 The pain chart

Use the following instructions: “Please use all of the fi gures to show me exactly where all your 
pains are, and where they radiate to. Shade or draw with blue marker. Only the patient is to fi ll 
out this sheet. Please be as precise and detailed as possible. Use yellow marker for numbness 
and tingling. Use red marker for burning or hot areas, and green marker for cramping. Please 
remember: blue = pain, yellow = numbness and tingling, red = burning or hot areas, 
green = cramping.” (Used with permission from Margoles MS. The pain chart: spatial properties of 

pain. In: Melzack R, ed. Pain Measurement and Assessment. New York, NY: Raven Press; 1983.)
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All of these scales help patients communicate the severity and duration of their pain 
and appreciate changes that occur. Often in a long recovery, patients lose sight of how much 
progress has been made in terms of the pain experience and return to functional activities. 
A review of these pain scales often can serve to reassure the patient; foster a brighter, more 
positive outlook; and reinforce the commitment to the plan of treatment.

Figure 4-3 McGill pain questionnaire

The descriptors fall into 4 major groups: sensory, 1 to 10; affective, 11 to 15; evaluative, 16; and 
miscellaneous, 17 to 20. The rank value for each descriptor is based on its position in the word 
set. The sum of the rank values is the pain rating index (PRI). The present pain intensity (PPI) 
is based on a scale of 0 to 5. (Reproduced with permission from Prentice. Therapeutic Modalities in 

Rehabilitation. 4th ed. New York: McGraw-Hill; 2011.)

Patient’s Name Date Time a.m./p.m.

PRI: S

Comments:

Brief
Momentary
Transient

Rhythmic
Periodic
Intermittent

E = External
I  = Internal

(1–10) (11–15) (16) (17–20) (1–20)
A E M PRI (T) PPI

McGill Pain Questionnaire

1 Flickering
Quivering
Pulsing
Throbbing
Beating
Pounding

11 Tiring
Exhausting

Continuous
Steady
Constant

2 Jumping
Flashing
Shooting

3 Pricking
Boring
Drilling
Stabbing
Lancinating

4 Sharp
Cutting
Lacerating

6 Tugging
Pulling
Wrenching

5 Pinching
Pressing
Gnawing
Cramping
Crushing

7 Hot
Burning
Scalding
Searing

8 Tingling
Itchy
Smarting
Stinging

9 Dull
Sore
Hurting
Aching
Heavy

10 Tender
Taut
Rasping
Splitting

12 Sickening
Suffocating

13 Fearful
Frightful
Terrifying

15 Wretched
Blinding

17 Spreading
Radiating
Penetrating
Piercing

PPI
0
1
2
3
4
5

No Pain
Mild
Discomforting
Distressing
Horrible
Excruciating

19 Cool
Cold
Freezing

20 Nagging
Nauseating
Agonizing
Dreadful
Torturing

18 Tight
Numb
Drawing
Squeezing
Tearing

16 Annoying
Troublesome
Miserable
Intense
Unbearable

14 Punishing
Gruelling
Cruel
Vicious
Killing
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Clinical Pearl

A number of pain scales are available, including visual analog scales, pain charts, the 
 McGill Pain Questionnaire, the Activity Pattern Indicators Pain Profi le, and numeric pain 
scales. Numeric pain scales, in which the patient is asked to rate his or her pain on a scale 
from 1 to 10, are perhaps the most widely used in the clinical setting.

Documentation
Th e effi  cacy of many of the treatments used by clinicians has not been fully substanti-
ated. Th ese scales are one source of data that can help clinicians identify the most eff ective 
approaches to managing common injuries. Th ese assessment tools can also be useful when 
reviewing a patient’s progress with physicians, and third-party payers. Th us, pain assess-
ments should be routinely included as documentation in the patient’s note.

Goals in Managing Pain

Regardless of the cause of pain, its reduction is an essential part of treatment. Pain signals 
the patient to seek assistance and is often useful in establishing a diagnosis. Once the injury 
or illness is diagnosed, pain serves little purpose. Medical or surgical treatment or immo-
bilization is necessary to treat some conditions, but physical therapy and an early return to 
activity are appropriate following many injuries.35 Th e clinician’s objectives are to encourage 
the body to heal through exercise designed to progressively increase functional capacity and 
to return the patient to work, recreational, and other activities as swiftly and safely as pos-
sible. Pain will inhibit therapeutic exercise. Th e challenge for the clinician is to control acute 
pain and protect the patient from further injury while encouraging progressive exercise in a 
supervised environment.

Pain Perception

Th e patient’s perception of pain can diff er markedly from person to person, as can the termi-
nology used to describe the type of pain the patient is experiencing. Th e clinician commonly 
asks the patient to describe what the patient’s pain feels like during an injury evaluation. Th e 

Figure 4-4

The Numeric Rating Scale (NRS) is the most common acute 
pain profi le. (Reproduced with permission from Prentice. Therapeutic 

Modalities in Rehabilitation. 4th ed. New York: McGraw-Hill; 2011.)
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Worst pain
ever

1 2 3 4 5

Numeric Rating Scale-NRS

6 7 8 9 10
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patient often uses terms such as sharp, dull, aching, throbbing, burning, piercing, localized,
and generalized. It is sometimes diffi  cult for the clinician to infer what exactly is causing a 
particular type of pain. For example, “burning” pain is often associated with some injury to 
a nerve, but certainly other injuries may produce what the patient is perceiving as “burning” 
pain. Th us, verbal descriptions of the type of pain should be applied with caution.

Sensory Receptors
A nerve ending is the termination of a nerve fi ber in a peripheral structure. It may be a 
sensory ending (receptor) or a motor ending (eff ector). Sensory endings can be capsulated 
(eg, free nerve endings, Merkel corpuscles) or encapsulated (eg, end bulbs of Krause or 
Meissner corpuscles).

Th ere are several types of sensory receptors in the body, and the clinician should be 
aware of their existence as well as of the types of stimuli that activate them (Table 4-1). Acti-
vation of some of these sense organs with therapeutic agents will decrease the patients per-
ception of pain.

Six diff erent types of receptor nerve endings are commonly described:

1. Meissner corpuscles are activated by light touch.

2. Pacinian corpuscles respond to deep pressure.

3. Merkel corpuscles respond to deep pressure, but more slowly than Pacinian 
corpuscles, and also are activated by hair follicle defl ection.

4. Ruffi  ni corpuscles in the skin are sensitive to touch, tension, and possibly heat; those 
in the joint capsules and ligaments are sensitive to change in position.

Table 4-1 Some Characteristics of Selected Sensory Receptors

Stimulus Receptor

Type of Sensory 
Receptors General Term Specifi c Nature Term Location

Mechanoreceptors Pressure Movement of hair 
in a hair follicle

Light pressure
Deep pressure 
Touch

Afferent nerve fi ber
Meissner corpuscle
Pacinian corpuscle
Merkel touch 

corpuscle

Base of hair follicles
Skin
Skin
Skin

Nociceptors Pain Distension (stretch) Free nerve endings Wall of gastrointestinal tract, 
pharynx skin

Proprioceptors Tension Distension
Length changes 
Tension changes

Corpuscles of Ruffi ni
Muscle spindles
Golgi tendon organs

Skin and capsules in joints and 
ligaments

Skeletal muscle
Between muscles and tendons

Thermoreceptors Temperature 
change

Cold
Heat

End bulbs of Krause
Corpuscles of Ruffi ni

Skin
Skin and capsules in joints 

and ligaments

Source: Reproduced with permission from Previte J. Human Physiology. New York, NY: McGraw-Hill; 1983. 

Hoog_Ch04_0115-0134.indd   121Hoog_Ch04_0115-0134.indd   121 13/12/13   9:47 AM13/12/13   9:47 AM



  122  Chapter 4 Impairments Caused By Pain

5. End bulbs of Krause are thermoreceptors that react to a decrease in temperature and 
touch.17

6. Pain receptors, called nociceptors or free nerve endings, are sensitive to extreme 
mechanical, thermal, or chemical energy.3 Th ey respond to noxious stimuli—in other 
words, to impending or actual tissue damage (eg, cuts, burns, sprains, and so on). 
Th e term nociceptive is from the Latin nocere, to damage, and is used to imply pain 
information. Th ese organs respond to superfi cial forms of heat and cold, analgesic 
balms, and massage.

Proprioceptors found in muscles, joint capsules, ligaments, and tendons provide infor-
mation regarding joint position and muscle tone. Th e muscle spindles react to changes in 
length and tension when the muscle is stretched or contracted. Th e Golgi tendon organs 
also react to changes in length and tension within the muscle. See Table 4-1 for a more 
complete listing.

Some sensory receptors respond to phasic activity and produce an impulse when the 
stimulus is increasing or decreasing, but not during a sustained stimulus. Th ey adapt to 
a constant stimulus. Meissner corpuscles and Pacinian corpuscles are examples of such 
receptors.

Tonic receptors produce impulses as long as the stimulus is present. Examples of tonic 
receptors are muscle spindles, free nerve endings, and end bulbs of Krause. Th e initial 
impulse is at a higher frequency than later impulses that occur during sustained stimulation.

Accommodation is the decline in generator potential and the reduction of frequency 
that occur with a prolonged stimulus or with frequently repeated stimuli. If some physical 
agents are used too often or for too long, the receptors may adapt to or accommodate the 
stimulus and reduce their impulses. Th e accommodation phenomenon can be observed 
with the use of superfi cial hot and cold agents, such as ice packs and hydrocollator packs.

As a stimulus becomes stronger, the number of receptors excited increases, and the 
frequency of the impulses increases. Th is provides more electrical activity at the spinal cord 
level, which may facilitate the eff ects of some physical agents.

Cognitive Infl uences
Pain perception and the response to a painful experience may be infl uenced by a variety of 
cognitive processes, including anxiety, attention, depression, past pain experiences, and 
cultural infl uences.18 Th ese individual aspects of pain expression are mediated by higher 
centers in the cortex in ways that are not clearly understood.3 Th ey may infl uence both the 
sensory discriminative and motivational aff ective dimensions of pain.

Many mental processes modulate the perception of pain through descending systems. 
Behavior modifi cation, the excitement of the moment, happiness, positive feelings,  focusing
(directed attention toward specifi c stimuli), hypnosis, and suggestion may modulate pain 
perception. Past experiences, cultural background, personality, motivation to play, aggres-
sion, anger, and fear are all factors that could facilitate or inhibit pain perception. Strong 
central inhibition may mask severe injury for a period of time.3 At such times, evaluation of 
the injury is quite diffi  cult.

Patients with chronic pain may become very depressed and experience a loss of fi tness. 
Th ey tend to be less active and may have altered appetites and sleep habits. Th ey have a 
decreased will to work and exercise and often develop a reduced sex drive. Th ey may turn to 
self-abusive patterns of behavior. Tricyclic drugs are often used to inhibit serotonin deple-
tion for the patient with chronic pain.

Just as pain may be inhibited by central modulation, it may also arise from central ori-
gins. Phobias, fear, depression, anger, grief, and hostility are all capable of producing pain 
in the absence of local pathologic processes. In addition, pain memory, which is associated 
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with old injuries, may result in pain perception and pain response that are out of proportion 
to a new, often minor, injury. Substance abuse can also alter and confound the perception 
of pain. Substance abuse may cause the chronic pain patient to become more depressed or 
may lead to depression and psychosomatic pain.

Neural Transmission

Aff erent nerve fi bers transmit impulses from the sensory receptors toward the brain whereas 
eff erent fi bers, such as motor neurons, transmit impulses from the brain toward the periph-
ery.7 First-order or primary aff erents transmit the impulses from the sensory receptor to 
the dorsal horn of the spinal cord (Figure 4-5). Th ere are 
4 diff erent types of fi rst-order neurons (Table 4-2). Aα and 
Aβ are large-diameter aff erents that have a high (fast) con-
duction velocity, and Aδ and C fi bers are small-diameter 
fi bers with low (slow) conduction velocity.

Second-order aff erent fi bers carry sensory messages 
up the spinal cord to the brain. Th ey are categorized as 
wide dynamic range or nociceptive specifi c. Th e wide 
dynamic range second-order aff erents receive input from 
Aβ, Aδ, and C fi bers. Th ese second-order aff erents serve 
relatively large, overlapping receptor fi elds. Th e nocicep-
tive specifi c second-order aff erents respond exclusively to 
noxious stimulation. Th ey receive input only from Aδ and 
C fi bers. Th ese aff erents serve smaller receptor fi elds that 
do not overlap. All of these neurons synapse with third-
order neurons, which carry information to various brain 
centers where the input is integrated, interpreted, and 
acted upon.

Facilitators and Inhibitors of Synaptic 
Transmission
For information to pass between neurons, a transmitter 
substance must be released from the end of one neuron ter-
minal (presynaptic membrane), enter the synaptic cleft, and 
attach to a receptor site on the next neuron (postsynaptic 
membrane) (Figure 4-6). In the past, all the activity within 
the synapse was attributed to neurotransmitters, such as 
acetylcholine. Th e neurotransmitters, when released in suf-
fi cient quantities, are known to cause depolarization of the 
postsynaptic neuron. In the absence of the neurotransmit-
ter, no depolarization occurs.

It is now apparent that several compounds that are 
not true neurotransmitters can facilitate or inhibit syn-
aptic activity. Serotonin, norepinephrine, enkephalin, 
β-endorphin, dynorphin, and substance P are each impor-
tant in the body’s pain control mechanism.19

Enkephalin is an endogenous (made by the body) 
opioid that inhibits the depolarization of second-order 
nociceptive nerve fi bers. It is released from interneurons, 

Figure 4-5 Neural afferent transmission

Sensory (pain) information from free nerve endings is 
transmitted to the sensory cortex in the brain via first-, 
second-, and third-order neurons. (Reproduced with 

permission from Prentice. Therapeutic Modalities in Rehabilitation. 

4th ed. New York: McGraw-Hill; 2011.)

Third-order
Neuron

Sensory
cortex

Second-order
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Nociceptor
(free nerve ending)
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enkephalin neurons with short axons. Th e enkephalins are stored in nerve-ending vesicles 
found in the substantia gelatinosa and in several areas of the brain. When released, enkeph-
alin may bind to presynaptic or postsynaptic membranes.19

Norepinephrine is released by the depolarization of some neurons and binds to the 
postsynaptic membranes. It is found in several areas of the nervous system, including a 
tract that descends from the pons, which inhibits synaptic transmission between fi rst- and 
second-order nociceptive fi bers, thus decreasing pain sensation.20

Other endogenous opioids may be active analgesic agents. Th ese neuroactive peptides 
are released into the central nervous system and have an action similar to that of morphine, 
an opiate analgesic. Th ere are specifi c opiate receptors located at strategic sites, called bind-
ing sites, to receive these compounds. β-Endorphin and dynorphin have potent analgesic 
eff ects. Th ese are released within the central nervous system by mechanisms that are not 
fully understood at this time.

Nociception
A nociceptor is a peripheral pain receptor. Its cell body is in the dorsal root ganglion near the 
spinal cord. Pain is initiated when there is injury to a cell causing a release of 3 chemicals, 
substance P, prostaglandin, and leukotrienes, that sensitize the nociceptors in and around 
the area of injury by lowering their depolarization threshold. Th is is referred to as primary 
hyperalgesia, in which the nerve’s threshold to noxious stimuli is lowered, thus enhancing 
the pain response.5 Over a period of several hours, secondary hyperalgesia occurs, as chemi-
cals spread throughout the surrounding tissues, increasing the size of the painful area and 
creating hypersensitivity.

Table 4-2 Classifi cation of Afferent Neurons

Size Type Group Subgroup
Diameter 
(μm)

Conduction 
Velocity (m/s) Receptor Stimulus

Large Aα

Aα

Aβ
Aβ
Aδ

I

I

II
II
III

1a

1b

Muscle
Skin
Muscle

13 to 22

8 to 13

1 to 4

70 to 120

40 to 70

5 to 15

Proprioceptive 
mechanoreceptor

Proprioceptive 
mechanoreceptor

Cutaneous receptors

75% mechanoreceptors 
and thermoreceptors

Muscle velocity and 
length change, 
muscle shortening 
of rapid speed

Muscle length 
information from 
touch and pacinian 
corpuscles

Touch, vibration, hair 
receptors

Temperature change

Small Aδ

C

III

IV

Skin

Muscle 0.2 to 1.0 0.2 to 2.0

25% nociceptors, 
mechanoreceptors, 
and thermoreceptors 
(hot and cold)

50% mechanoreceptors 
and thermoreceptors

Noxious, mechanical, 
and temperature 
(>45°C, <10°C)

Touch and 
temperature
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Nociceptors initiate the electrical impulses along 2 aff erent fi bers toward the spinal 
cord. Aδ and C fi bers transmit sensations of pain and temperature from peripheral nocicep-
tors. Th e majority of the fi bers are C fi bers. Aδ fi bers have larger diameters and faster con-
duction velocities. Th is diff erence results in 2 qualitatively diff erent types of pain, termed 
acute and chronic.19 Acute pain is rapidly transmitted over the larger, faster-conducting 
Aδ aff erent neurons and originates from receptors located in the skin.19 It is localized and 
short, lasting only as long as there is a stimulus, such as the initial pain of an unexpected 
pinprick. Chronic pain is transmitted by the C fi ber aff erent neurons and originates from 
both superfi cial skin tissue and deeper ligament and muscle tissue. Th is pain is an aching, 
throbbing, or burning sensation that is poorly localized and less specifi cally related to the 
stimulus. Th ere is a delay in the perception of pain following injury, but the pain will con-
tinue long after the noxious stimulus is removed.5

Th e various types of aff erent fi bers follow diff erent courses as they ascend toward the 
brain. Some Aδ and most C aff erent neurons enter the spinal cord through the dorsal horn 
of the spinal cord and synapse in the substantia gelatinosa with a second-order neuron 
(Figure 4-7).20 Most nociceptive second-order neurons ascend to higher centers along 1 of 
the 3 tracts—the lateral spinothalamic tract, the spinoreticular tract, or the spinoencephalic 
tract—with the remainder ascending along the spinocervical tract.20 Approximately 80% of 
nociceptive second-order neurons ascend to higher centers along the lateral spinothalamic 
tract.20 Approximately 90% of the second-order aff erents terminate in the thalamus.20 Th ird-
order neurons project to the sensory cortex and numerous other centers in the central ner-
vous system (see Figure 4-5).
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Figure 4-6 Synaptic transmission

(Reproduced with permission from McKinley M, O’Loughlin VD. Human Anatomy. 2nd ed. New York, NY: McGraw-Hill; 2008.)
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Th ese projections allow us to perceive pain. Th ey also permit the integration of past 
experiences and emotions that form our response to the pain experience. Th ese connec-
tions are also believed to be parts of complex circuits that the clinician may stimulate to 
manage pain. Most analgesic physical agents are believed to slow or block the impulses 
ascending along the Aδ and C aff erent neuron pathways through direct input into the dorsal 
horn or through descending mechanisms. Th ese pathways are discussed in more detail in 
the following section.

Figure 4-7

The ascending lateral spinothalamic and spinoreticular tract in the spinal cord carries pain 
information to the cortex. (Reproduced with permission from Prentice. Therapeutic Modalities in 

Rehabilitation. 4th ed. New York: McGraw-Hill; 2011.)
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Neurophysiologic Explanations of Pain Control

Th e neurophysiologic mechanisms of pain control through stimulation of cutaneous recep-
tors have not been fully explained.21 Much of what is known—and current theory—is the 
result of work involving electroacupuncture and transcutaneous electrical nerve stimula-
tion. However, this information often provides an explanation for the analgesic response to 
other modalities, such as massage, analgesic balms, and moist heat.

Th e concepts of the analgesic response to cutaneous receptor stimulation presented 
here were fi rst proposed by Melzack and Wall22 and Castel.23 Th ese models essentially pres-
ent 3 analgesic mechanisms:

1. Stimulation from ascending Aβ aff erents results in blocking impulses at the spinal 
cord level of pain messages carried along Aδ and C aff erent fi bers (gate control).

2. Stimulation of descending pathways in the dorsolateral tract of the spinal cord by 
Aδ and C fi ber aff erent input results in a blocking of the impulses carried along the 
Aδ and C aff erent fi bers.

3. Th e stimulation of Aδ and C aff erent fi bers causes the release of endogenous 
opioids (β-endorphin), resulting in a prolonged activation of descending analgesic 
pathways.

Th ese theories or models are not necessarily mutually exclusive. Recent evidence 
suggests that pain relief may result from combinations of dorsal horn and central nervous 
 system activity.24,25

The Gate Control Theory of Pain
Th e gate control theory explains how a stimulus that 
activates only nonnociceptive nerves can inhibit pain 
(Figure 4-8).22 Th ree peripheral nerve fi bers are involved in 
this mechanism of pain control: Aδ fi bers, which transmit 
noxious impulses associated with intense pain; C fi bers, 
which carry noxious impulses associated with long-term or 
chronic pain; and Aβ fi bers, which carry sensory information 
from cutaneous receptors but are nonnociceptive and do not 
transmit pain. Impulses ascending on these fi bers stimulate 
the substantia gelatinosa as they enter the dorsal horn of the 
spinal cord. Essentially, the nonnociceptive Aβ fi bers inhibit 
the eff ects of the Aδ and C pain fi bers, eff ectively “closing a 
gate” to the transmission of their stimuli to the second-order 
interneurons. Th us, the only information that is transmitted 
on the second-order neurons through the ascending lateral 
spinothalamic tract to the cortex is the information from 
the Aβ fi bers. Th e “pain message” carried along the smaller-
diameter Aδ and C fi bers is not transmitted to the second-
order neurons and never reaches sensory centers.

Th e discovery and isolation of endogenous opioids in 
the 1970s led to new theories of pain relief. Castel intro-
duced an endogenous opioid analog to the gate control the-
ory.23 Th is theory proposes that increased neural activity in 
Aβ primary aff erent pathways triggers a release of enkepha-
lin from enkephalin interneurons found in the dorsal horn. 

Figure 4-8 Gate control theory

Sensory information carried on Aβ fibers “closes the gate” 
to pain information carried on Aδ and C fibers in the 
substantia gelatinosa preventing transmission of pain to 
sensory centers in the cortex. (Reproduced with permission 

from Prentice. Therapeutic Modalities in Rehabilitation. 4th ed. 

New York: McGraw-Hill; 2011.)
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Th ese neuroactive amines inhibit synaptic transmission in the Aδ and C fi ber aff erent path-
ways. Th e end result, as in the gate control theory, is that the pain message is blocked before 
it reaches sensory levels.

Th e concept of sensory stimulation for pain relief, as proposed by the gate control the-
ory, has empirical support. Rubbing a contusion, applying moist heat, or massaging sore 
muscles decreases the perception of pain. Th e analgesic response to these treatments is 
attributed to the increased stimulation of Aβ aff erent fi bers. A decrease in input along noci-
ceptive Aδ and C aff erents also results in pain relief. Cooling aff erent fi bers decreases the 
rate at which they conduct impulses. Th us, a 20-minute application of cold is eff ective in 
relieving pain because of the decrease in activity, rather than an increase in activity along 
aff erent pathways.

Descending Pain Control
A second mechanism of pain control essentially expands the original gate control theory 
of pain control and involves input from higher centers in the brain through a descending 
system (Figure 4-9).26 Emotions (such as anger, fear, stress), previous experiences, sensory 
perceptions, and other factors coming from the thalamus in the cerebrum stimulate the 
periaqueductal gray (PAG) matter of the midbrain. Th e pathway over which this pain reduc-
tion takes place is a dorsal lateral projection from cells in the PAG to an area in the medulla 
of the brainstem called the raphe nucleus. When the PAG fi res, the raphe nucleus also fi res. 
Serotonergic eff erent pathways from the raphe nucleus project to the dorsal horn along the 
entire length of the spinal cord where they synapse with enkephalin interneurons located in 
the substantia gelitanosa.27 Th e activation of enkephalin interneuron synapses by serotonin 
suppresses the release of the neurotransmitter substance P from Aδ and C fi bers used by 
the sensory neurons involved in the perception of chronic and/or intense pain. Addition-
ally, enkephalin is released into the synapse between the enkephalin interneuron and the 
second-order neuron that inhibits synaptic transmission of impulses from incoming Aδ and 
C fi bers to the second-order aff erent neurons that transmit the pain signal up the lateral 
spinothalamic tract to the thalamus (Figure 4-10).28

A second descending, noradrenergic pathway projecting from the pons to the dor-
sal horn has also been identifi ed.20 Th e signifi cance of these parallel pathways is not fully 
understood. It is also not known if these noradrenergic fi bers directly inhibit dorsal horn 
synapses or stimulate the enkephalin interneurons.

Th is model provides a physiologic explanation for the analgesic response to brief, 
intense stimulation. Th e analgesia following acupressure and the use of some transcuta-
neous electrical nerve stimulators (TENS), such as point stimulators, is attributed to this 
descending pain control mechanism.38,39,40

β-Endorphin and Dynorphin in Pain Control
Th ere is evidence that stimulation of the small-diameter aff erents (Aδ and C) can stimu-
late the release of other endogenous opioids called endorphins.7,17,21,22,25,26,29 β-Endorphin 
and dynorphin are endogenous opioid peptide neurotransmitters found in the neurons of 
both the central and peripheral nervous system.30 Th e mechanisms regulating the release 
of β-endorphin and dynorphin have not been fully elucidated. However, it is apparent that 
these endogenous substances play a role in the analgesic response to some forms of stimuli 
used in the treatment of patients in pain.

β-Endorphin is released into the blood from the anterior pituitary gland and into the 
brain and spinal cord from the hypothalamus.30 In the anterior pituitary gland, it shares 
a prohormone with adrenocorticotropin. Th us, when β-endorphin is released, so, too, is 
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adrenocorticotropin. β-Endorphin does not readily cross the blood–brain barrier,19 and 
thus the anterior pituitary gland is not the sole source of β-endorphin.31,41

As stated previously, pain information is transmitted to the brainstem and thala-
mus primarily on 2 diff erent pathways, the spinothalamic and spinoreticular tracts. 

Figure 4-9 Descending pain control

Infl uence from the thalamus stimulates the periaqueductal gray, the raphe nucleus, and the 
pons to inhibit the transmission of pain impulses through the ascending tracts. (Reproduced 

with permission from Prentice. Therapeutic Modalities in Rehabilitation. 4th ed. New York: 

McGraw-Hill; 2011.)
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Spinothalamic input is thought to eff ect the conscious 
sensation of pain, and the spinoreticular tract is thought 
to eff ect the arousal and emotional aspects of pain. 
Pain stimuli from these two tracts stimulate the release 
of β-endorphin from the hypothalamus (Figure  4-11). 
β-Endorphin released into the nervous system binds 
to specifi c opiate-binding sites in the nervous system. 
Th e neurons in the hypothalamus that send projections 
to the PAG and noradrenergic nuclei in the brainstem 
contain β-endorphin. Prolonged (20 to 40 minutes) 
small-diameter aff erent fi ber stimulation via electroacu-
puncture has been thought to trigger the release of 
β-endorphin.21,41 It is likely that β-endorphin released 
from these neurons by stimulation of the hypothalamus 
is responsible for initiating the same mechanisms in the 
spinal cord as previously described with other descend-
ing mechanisms of pain control.36,43 Once again, further 
research is needed to clarify where and how these sub-
stances are released and how the release of β-endorphin 
aff ects neural activity and pain perception.

Dynorphin, a more recently isolated endogenous opi-
oid, is found in the PAG, rostroventral medulla, and the 
dorsal horn.20 It has been demonstrated that dynorphin 
is released during electroacupuncture.32 Dynorphin may 
be responsible for suppressing the response to noxious 
mechanical stimulation.20

Summary of Pain Control Mechanisms
Th e body’s pain control mechanisms are probably not mutually exclusive. Rather, analgesia 
is the result of overlapping processes. It is also important to realize that the theories pre-
sented are only models. Th ey are useful in conceptualizing the perception of pain and pain 
relief. Th ese models will help the clinician understand the eff ects of therapeutic modalities 
and form a sound rationale for modality application.8 As more research is conducted and as 
the mysteries of pain and neurophysiology are solved, new models will emerge. Th e clini-
cian should adapt these models to fi t new developments.

Pain Management

How should the clinician approach pain? First, the source of the pain must be identifi ed. 
Unidentifi ed pain may hide a serious disorder, and treatment of such pain may delay the 
appropriate treatment of the disorder.33 Once a diagnosis has been made, the clinician must 
select the therapeutic technique that is most appropriate for each patient, based on their 
knowledge and professional judgment.34

Th e therapist may choose from a variety of useful pain control strategies including the 
following:

1. Encourage cognitive processes that infl uence pain perception, such as motivation, 
tension diversion, focusing, relaxation techniques, positive thinking, thought 
stopping, and self-control.

Figure 4-10

The enkephalin interneuron functions to inhibit transmission 
of pain between the Aδ and C fibers and the second-order 
neuron to the ascending tracts. (Reproduced with permission 

from Prentice. Therapeutic Modalities in Rehabilitation. 4th ed. 

New York: McGraw-Hill; 2011.)
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2. Minimize the tissue damage through the application of proper fi rst aid and 
immobilization.

3. Maintain a line of communication with the patient. Let the patient know what 
to expect following an injury. Pain, swelling, dysfunction, and atrophy will occur 
following injury. Th e patient’s anxiety over these events will increase the patient’s 
perception of pain. Often, a patient who has been told what to expect by someone 
the patient trusts will be less anxious and suff er less pain.

Figure 4-11

β-Endorphin released from the hypothalamus, and dynorphin released from the PAG and 
the medulla modulate. (Reproduced with permission from Prentice. Therapeutic Modalities in 

Rehabilitation. 4th ed. New York: McGraw-Hill; 2011.)
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4. Recognize that all pain, even psychosomatic pain, is very real to the patient.

5. Encourage supervised exercise to encourage blood fl ow, promote nutrition, increase 
metabolic activity, and reduce stiff ness and guarding if the activity will not cause 
further harm to the patient.

6. Incorporate appropriate physical agents into the treatment plan. In general, physical 
agents can be used to:42

a. stimulate large-diameter aff erent fi bers (Aβ)—this can be done with TENS, 
massage, and analgesic balms;

b. decrease pain fi ber transmission velocity with cold or ultrasound;
c. stimulate small-diameter aff erent fi bers (Aδ and C) and descending pain control 

mechanisms with acupressure, deep massage, or TENS over acupuncture points 
or trigger points;

d. stimulate a release of β-endorphin and dynorphin or other endogenous opioids 
through prolonged small-diameter fi ber stimulation with TENS.17

Th e physician may choose to prescribe oral or injectable medications in the treatment 
of the patient. Th e most commonly used medications are classifi ed as analgesics, antiin-
fl ammatory agents, or both. Th e clinician should become familiar with these drugs and 
note whether the patient is taking any medications. It is also important to work with the 
referring physician to assure that the patient takes the medications appropriately.

Th e clinician’s approach to the patient has a great impact on the success of the treat-
ment. Th e patient will not be convinced of the effi  cacy and importance of the treatment 
unless the clinician appears confi dent about it. Th e clinician must make the patient a par-
ticipant rather than a passive spectator in the treatment and rehabilitation process.

Th e goal of most treatment programs is to encourage early pain-free exercise. Th e phys-
ical agents used to control pain do little to promote tissue healing. Th ey should be used 
to relieve acute pain following injury or surgery or to control pain and other symptoms, 
such as swelling, to promote progressive exercise. Th e clinician should not lose sight of the 
eff ects of the physical agents or the importance of progressive exercise in restoring the pa-
tient’s functional ability.

Clinical Pearl

Stimulating the trigger point with an electrical stimulating current will trigger the release 
of a chemical (β-endorphin) in the brain that will act to modulate pain.

Reducing the perception of pain is as much an art as a science. Selection of the ap-
propriate pain control intervention, proper application, and marketing are all important 
and will continue to be so even as we increase our understanding of the neurophysiology of 
pain. Th ere is still the need for a good empirical rationale for the use of a specifi c pain man-
agement approach. Th e clinician is encouraged to keep abreast of the neurophysiology of 
pain and the physiology of tissue healing to maintain a current scientifi c basis for managing 
the pain experienced by his or her patients.

Clinical Pearl

A modality should provide a signifi cant amount of cutaneous input that would be 
 transmitted to the spinal cord along Aβ fi bers. The modalities of choice may include vari-
ous types of heat or cold, electrical stimulating currents, counterirritants (analgesic balms), 
or massage.

Hoog_Ch04_0115-0134.indd   132Hoog_Ch04_0115-0134.indd   132 13/12/13   9:48 AM13/12/13   9:48 AM



 Pain Management  133

SUMMARY

1. Pain is a response to a noxious stimulus that is subjectively modifi ed by past experi-
ences and expectations.

2. Pain is classifi ed as either acute or chronic and can exhibit many diff erent patterns.

3. Early reduction of pain in a treatment program will facilitate therapeutic exercise.

4. Stimulation of sensory receptors can modify the patient’s perception of pain.

5. Th ere are 3 mechanisms of pain control:

a. dorsal horn modulation due to the input from large-diameter aff erents through a 
gate control system, the release of enkephalins, or both;

b. descending eff erent fi ber activation due to the eff ects of small-fi ber aff erent input 
on higher centers, including the thalamus, raphe nucleus, and PAG region;

c. the release of endogenous opioids including β-endorphin through prolonged 
small-diameter aff erent stimulation.

6. Pain perception may be infl uenced by a variety of cognitive processes mediated by the 
higher brain centers.

7. Th e selection of a therapeutic modality for controlling pain should be based on current 
knowledge of neurophysiology and the psychology of pain.

8. Th e application of specifi c techniques for the control of pain should not occur until the 
diagnosis of the injury has been established.

9. Th e selection of a therapeutic intervention for managing pain should be based on 
 establishing the primary cause of pain.
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