Asthma: Multisystem

.

Implications

early ane in ten children in the United States has
a diagnosis of asthma (CIC 20100, This frequency
has been increasing for decades both in the United

States and abroad [or reasons that are not vel clearly under

stood, = =HAINE - drcording to the ULS, Centers for

Disease Control and Prevention (CIC), from 1979 to 1995

the incidence of asthma increased over 160 for children

ages O to 4 years and 74% for children ages 5 to 14 years,

Similarky, the morbidity rate increased 63% for children ages

0 to 4 years and 20% for children ages 5 to 14 years, whereas

the mortality rate increased 12% for children ages 0 to 4

years and 146% for children ages 5 o 14 years.” Follow-up

data in a CDC report on the atate of childhood Asthma in
the United States indicated that asthma morbidity and mor-
tality rates may have peaked in the mid/late 1990s°

Pragmatically, the incidence figures mean that nearly 10%
of all children seen by pediatric physical therapists may have
asthma. Does this disease impact a childs motor perfor-
mance? If so, what kind of impact does it have and what
clinical implications does the presence of asthma have for
the physical therapist treating pediatric patients?

The purpose of this chapter is to achieve the following:

1. Define asthma and discuss the medical ramifications of
the discase.

2. Demonstrate the process of a differential physical therapy
diagnosis for potential physical and activity limitations
secondary to asthma through the illustration of a clinical
case.

3. Identify the types of crdiopulmonary, neuromuscular,
musculoskeletal, integumentary, and gastrointestinal
impairments that may he associated with this diagnosis.

4. Present possible treatment strategies and specific PT pro-
cedural interventions.

5. Present potential long-term outcomes of physical therapy
procedural interventions on the maturation and physical
performance of a child with asthma.

. Through a case study, illustrate participation benefits
when a child's health is well supported.

PATHOPHYSIOLOGY

Asthma is a pulmonary disease with three significant char-
acteristics: (1) airway inflammation, (2] airway obstruction
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thiat is often reversible either spontanecusly or with pharma-
cologic intervention, and (3) bronchial hyperresponsiveness
to stimull that are classified as either extrinsic or intrin-
she PN Ty is a disease of both the large and the small
airways with recurrent episodes of shortness of breath,
wheezing, chest tightness, and coughing, Bronchial hyper-
responsiveness to a varety of extrinsic and intrinsic stimuli
is increased. Extrinsic or allergic stimuli include but are not
limited to pollen, mold, animal dander, cigarette smoke,
foods, drugs, and dust. Intrinsic or nonallergic stimuli
include but are not limited to viral infections, inhalation of
irritating substances, exercise, emotional stress, and environ-
mental factors such as the weather or climate changes, An
individual may be sensitive to either type of stimuli or to
hoth types.

Researchers have found genetic cawses for the develop-
ment of asthma, but genetics alone does not account for all
types and severities of the expression of the disease.™™* The
physical, environmental, neurogenic, chemical, and pharma-
cologic factors that are associated with asthma are specific to
each individual. They stimulate or trigger the immune
system to release chemical mediarors, which in turn cause
constriction of the hronchial muscles, increased mucus pro-
duction, and swelling of the mucous membranes. Mucus
accumulation, which has been shown to be abnormal in
asthma, may cause blockage of the airways, resulting in
further air trapping and hyperinflation, and is a primary
cause of death associated with asthma.™

Ower the decades, inflammation has been identified as a
central component of asthma and may be a primary con-
tributor to airway remaodeling leading to chronic inflamma-
tion. This structural change may make the airways less
responsive lo medications.™

In addition to the pulmonary manifestation of asthma,
numerous studies have shown that a diagnosis of asthma in
childhood results in frequent hospitalizations, poorer growth
and development than peers, sleep disorders, and a reduc-
tion in overall quality of life, &% 8 0IMULIS Tace factors
result in an increased number of missed schooliwork days
and limitations on the childs participation in typical child-
hood activities, ™™

Asthma and other chronic respiratory diseases have been
shown in recent vears to be associated with the presence of
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gastroesaphageal reflux disease (GERD) S ARHMLLES Chi)
dren with asthma should be screened for the possibility of
underlying reflux. In some cases, chronic cough can be mis-
diagnosed as asthma, when in fact the primary cause is
GERIL" This has obvious implications for the medical
management of cough symptoms.

PRIMARY IMPAIRMENT
DIAGNOSIS

The diagnosis of asthma is made on the basis of history,
physical examination, auscultation and palpation, and pul-
monary function tests (PF15), especially in response to a
methacholine challenge®! Wheezing and rhonchi may be
detected by auscultation even when the child does not show
difficulty breathing, Breathing is often reported as worse at
night or early in the morning. Hyperexpansion of the thorax,
increased accessory muscle breathing, postural changes,
increased nasal secretions, mucosal swelling, nasal polyps,
“allergic shiners™ (darkened areas under the eves), and evi-
dence of an allergic skin condition may be noted on physical
examination. During an acute asthma attack, the child may
show an increased respiratory rate, expiratory grunting,
intercestal muscle retractions and nasal flaring, an alteration
in the inspiration-expiration ratio, and coughing. In severe
cases, a bluish color of the lips and nails may be noted
[oxygen desaturation).

Attempts have been made to produce a national classifi-
cation system for the severity of the disease based on clini-
cal findings, but follow-up studies found those systems to
inconsistently reflect the severity of the disease.”"™™ In
spite of the shortcomings, one of the most common sever-
ity classification svstems was published by the 1.5,
Mational Institutes of Health (WIH) Heart, Lung and Blood
Institute in 1997 and the details are listed in Table 25-1.%
The WIH classification system lists asthma by clinical
symptoms as (1) intermittent, {2} mild persistent, (3)
moderate persistent, or (4) severe persistent. A recently
updated Expert Panel Report #3 emphasizes initially diag-
nosing asthma by the severity of the disease, but then
emphasizes controlling asthma rather than continuing to

classify  the severity™  (www.nhlbi.nih.gov/guidelines/
asthma/asthgdln pdf}.
Pulmonary Function Tests (PFT)

PFTs are performed to determine the location and degree of
the respiratory impairment as well as the reversibility of
bronchoconstriction following administration of a bron-
chadilator {methacholine challenge), Test values are com-
pared with predicted values based on age, sex, and height.*
PFT measurements may reveal (1) decreased forced vital
capacity (FVC), (2} decreased forced expiration during
the first second of FVC (FEV,) as well as FEV,, (6" second
of exhalation), (3) decreased forced expiratory volume

TABLE 25-1 Clinical Classification of the Disease Severity

of Asthma

Classification  Indications and Behaviors

Step 1 Imtermittent symptoms occurring kess than once a

Intermittent week
Brief exacerbations
Moctumal symptoms ooourring bess than twice a
manth
Asymptomatic with normal lung fundion between
exacerbations
FEV, or PEFR rate greater than B0%, with less
than 20% variability

Step 2 Symptoms occurring mare than once a week but

MMild less than once a day

pefsistent Exacerbations affect activity and sleep
Mocturnal symptoms ooourring more than twice a
manth
FEV, or PEFR rate greater than B0 predided,
with variability of 20-30%

Hep 3 Diily symptoms

Moderate Exacerbations affect activity and sleep

persstent Moclirmal symplams occurting more than once a
week
FEV, or PEFR rate 60-80% of predicted, with
vanability greater than 30%

Step 4 Conbimous symploms

Severe Frequent exacerbations

persistent Frequent nocturnal asthma symptoms

Fhysical activities limibed by asthma symptoms
FEV, or PEFR rate less than 608, with variability
greater than 30%

Pratical Cuide for e agnioss and Management of Asthma Based on Expert
Panel Repart 2. NIH Pubbcation Mo, 97-4053. Bethesda, MO: National Instiiude
of Health, Mational Heart, Lurg and Blood Instinte, 1997, p. ¥0; and Marris, M.
& Perkins, P. Asthma. e-Mediane, available at hitp: fasaveemedicine. cammed,
b 17 hirn, last updated 5904,

compared with forced wvital capacity (FEV/FVC), (4)
decreased peak expiratory flow rate (PEFR) hecause of
airway obstruction in large or small airways, {5) forced expi-
ratory flow (FEF) during 25% to 75% of FVC (FEF25% o
75%) because of airway obstruction in the small airways, (6)
increased residual volume (RV), and {7} increased func-
tional residual capacity (FRC) because of air trapping™
Generally, patients with asthma are instructed to monitor
their daily pulmonary fluctuations and adjust their medica-
tion levels by testing their PEFR with a peak flow meter,
Huowever, recent studies have shown that FEV, and midexpi-
ratory FEF25% 1o 75% are better indicators of disease status
than PEFR.* Peak flow meters are cheaper and more readily
available in a home environment, so they will probably
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continue as the home equipment of choice until FEV, and
FEF25% to 75% can be readily tested at home. The child
under the age of 5 or 6 years, however, cannot perform pul-
monary [unction tests and needs to be monitored on the
basis of clinical signs and symptoms,"

IMPAIRMENT IN INFANCY TO ADULTHOOD

A diagnosis of asthma is not typically made until the child
is 3 to 6 years of age when numerous episndes of pulmo-
nary problems have been demonstrated and are consistent
with asthma In the meantime, children may be diag-
nosed with “reactive airway disease” More sophisticated
tests such as PFTs are not possible until children are
arvund & years of age when they are capable of cooperat-
ing and performing the tests."” The young child diagnosed
with asthma will typically present with a family history
of asthma or atopic predispositions, prematurity, lung
abnormalities, exposure to second hand smoke, history of
episodes of wheery bronchitis, croup, recurrent upper
respiratory tract infections, chronic bronchitis, recurrent
preumaonia, respiratory distress syndrome, difficulty sleep-
ing, bronchopulmonary dysplasia, or respiratory syncytial
virus (RSV) infection.'™

Severe REV infection in infancy is highly associated with
a later diagnosis of asthma, Currently, it 15 not known if
children with asthma have a more severe reaction to the virus
or if a severe infection with BSY actually causes asthma to
develop later in childhood **" In addition to normal
childhood illness, complications associated with prematurity
and very low birth weight also have a high correlation with
a later diagnosis of asthma. Like RSV infection, it is not
kenown if prematurity causes asthma or simply makes infants
more predisposed to asthma.™™ Respiratory problems fol-
lowing preterm hirths were also associated with eczema and
GERD*

By adolescence, asthmatic sympioms often decrease. Even
when free of clinical symptoms, however, the adolescent may
have significant impairment revealed by FFT measures. In
several long-term studies, children who were preterm babies
with respiratory  problems, such as bronchopulmonary
dysplasia (BPIM or respiratory syncytial virus (RSV) infec-
tion, were more likely to have lung and airway restrictions
later in childhood, especially noted in reduced expiratory
flowes, ™51 Preterm babies with chronie lung conditions
are more likely to have asthma, and it is speculated that they
may be maore likely to develop emphysema-like conditions
in middle age." This remains an hypothesis, however, as
survivors of extreme prematurity have not yet reached
middle age.

Pediatric physical therapists should pay careful attention
to a child’s medical history to note evidence of a risk for
asthma and consider all the ramifications on that child’s
health, growth, and development when planning procedural
interventions,
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MEDICAL MANAGEMENT

Episodes of asthma attacks are usually reversible and can be
prevented or modified to some degree when the individual-
specific triggers have been identified. The frequency, dura-
tion, and severity of attacks are highly variable even for the
same individual. """ Acute treatment is aimed at reversing
the bronchoconstriction. Bronchodilator medications are
administered by inhalation or injection. If the asthma
attack is severe and does not respond to bronchodilator
medications, the diagnosis of status asthmaticus may be
made. This is considered a life-threatening medical emer-
gency.” Hospitalization will be required to administer
medications intravenously, to monitor hlood gases, and to
administer oxygen.

The goals of long-térm management are o prevent
chronic and troublesome symptoms, to maintain pulmonary
function and physical activity level, to prevent recurrent
exacerbations, to minimize the need for emergency room
visits or hospitalizations, to provide optimal pharmacother-
apy, and to meet the patient’s and family's expectations of
and satisfaction with asthma care® This is accomplished
through pharmacologic support as well as periodic examina-
Lion, ongoing monitoring, and education. The patient should
be tanght to self-monitor asthma symptoms and patterns,
response to medications, quality of life, and functional status
and to perform and record peak flow readings. A written
action plan should be developed and reviewed and revised
periodically, This action plan should be shared with school
and other personnel who are involved with the child. Some
allergens such as cigarette smoke, animal dander, and dust
can be handled by environmental control. Desensitization
(“allergy shots™) may be used for triggers such as pollen or
mold, Triggers such as emotional stress may be handled by
relaxation exercises and education.

There is no cure for asthma. The pharmacologic manage-
ment is intended to stop, control or prevent symploms
through short-term relief or long-term management of the
condition. Most patients take more than one medication to
control their symptoms.,

The current National Institutes of Health (NIH) Publica-
tion on the Guidelines for Asthma describes a terraced
approach to pharmacologic management of asthma®™
[www.nhlbinih. gov/guidelines/asthmalasthgdln pdf}.  The
key recommendations of the NIH publication describwe
dosing medication according to the severity of the disease in
three distinct age groups: 0 to 4 years, 5 to 11 years, and 12
years and older, as recent evidence indicates that children
respond differently to asthma medications than their adult
counterparts, Inhaled corticosteroids continue to be the drug
of choice across all age groups for long-term management
of asthmatic symptoms. Inhaled medications deliver a con-
centrated dose most effectively with fewer svstemic side
effects and a quicker onset of action than other means of
administration, but children with persistent asthma need
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both long-term and short-acting agents to manage their
disease. A press release accompanying the MIH report on
August 29, 2007, summarizes the recommendations for per-
sistent asthma as follows:

Expert Panel Beport 3 includes mew recommendations on
treatment options such as leukotriene receptor antagonists
and cromaelyn for long term contrel; long acting beta agonists
as adjunct therapy with inhaled corticosteroids; omalizumab
for sewvere asthma: and albuterol, levalbuterol, and corticn-
sterodds for acute exacerbations, hivp://public.nhlbi.nib.gov/
newsroomy home/GetPressRelease aspxtid=2442

Mewer drugs are constantly being researched and hrought
on the market; thus, any listing of medications is relevant
only within a limited time frame ™™ The overall goal of
medication research is to find drugs that will stop the inflam-
matary process at an earlier point or prevent the presenta-
tion of asthma altogether. As the understanding of the
pathophysiology and genetics of asthma increases, new
medications with more specific but fewer side effects will
probably be developed. Medications to address coexisting
conditions such as allergies and GERDY will also contribute
ter the effective management of the childs asthma, "™
Physical therapists should check with the childs physician
about current medications. A consumer-friendly website
from the Mayo Clinic describes asthma medications for
children and adulis {www.mayoclinic.com/health/asthma-
medications/ap000g),

SECONDARY IMPAIRMENTS
QUALITY OF LIFE

Recurrent asthma attacks or poorly controlled asthma may
result in the child or family deciding to restrict normal child-
howd activities out of fear of asthma exacerbations or social
retributions.'™ In fact, it is not only the child who suffers.
Adult caregivers are forced to miss days of work just like the
child is forced to miss days of school; taken together they
teduce the quality of life for the entire family."" Growing up
with this chronic disease is bound to play a role in the child’s
choice of an adult vecation and living situation,

IMEDICATION SIDE EFFECTS

Although the medications used in the management of
asthma are necessary, the side effects of these medications
also may have an impact on daily life. For example, oral
corticosteroids may cause an increased appetite and weight
gain, fluid retention, increased bruising, and mild elevation
of blood pressure. Other side effects reported from a variety
of asthma medications are nervousness, headache, trem-
bling, heart palpitations, dizziness or light-headedness,
dryness or irptation of the mouth and throat, hearthurn,

naused, bad taste in the mouth, restlessness, difficulty con-
centrating, and insomnia, to mention a few.™ To determine
if motor, cognitive, or emotional behaviors are related to the
medication, consult with the child’s physician,

GROWTH AND DEVELOPMENT

Another aspect of asthma that is particularly important for
self-esteem in adolescence is growth and development. There
is conflicting data on whether children with asthma eventu-
ally catch up to their peers in terms of skeletal matura-
tion."™™ For example, Baum" found that children with
severe asthma have a significantly shorter stature, skeletal
retardation, and delayed puberty. Researchers have ques-
tivned whether asthma itself or the prolonged use of steroids
is responsible for such findings. In 2009, however, Mainz
showed that adherence to current inhaled corticosteroid
(IC5) dosing recommendations was maore beneficial to the
growth and development of a child with severe persistent
asthma than not taking corticosteroids. In fact, the 9-year-
ald child who was the subject of the study had an additional
skeletal impairment {thoracic deformity) caused by the pul-
monary hyperinflation that resulted from his poor asthma
management. Thus, proper use of IC5 and other asthma
medication may actually promote normal growth,

IMPACT ON FINANCIAL COSTS TO THE
FAMILY AND SOCIETY

Asthma is associated with the highest related costs of routine
pediatric care, reportedly topping 53 billion a year in the
United States.™ A study of 71,818 children ages 1 to 17 years
who were enrolled in a health maintenance organization,”™
was conducted to measure the impact of asthima on the use
and cost of health care. The children with asthma incurred
#8% more costs than children without asthma. Thus, having
a child with asthma not only increases the family's focus on
its medical needs but also consumes a family’s financial
resources, For some families, this cost may be at the expense
of other needs, placing a financial burden on the family and
the commuinity.

Asthma is a common childhood disease that can result in
severe functional limitations and restrictions in childhood

activities, There are three primary components of asthma:
often reversible airway obstruction, airway inflammation,
and airway hyperresponsiveness that can affect the large
and the small airways causing shortness of breath. The
diseaze itsell is complex with multiple system interactions
such that each child's presentation of asthma is unigque. The
physical therapist needs to know how this disease affects
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that particular child’s ability to participate in physical activ-
ities and what role the therapist can play in optimizing the
child'’s potential for normal development, participation, and
health.

PHYSICAL THERAPY EXAMINATION,
EVALUATION, AND INTERVENTIONS

Physical therapists are traditionally involved in exercise pro-
grams for children with asthma, and studies have shown the
efficacy of such programs in improving endurance and
decreasing asthmatic symptoms.*™"™ " The specifies of
exercise testing and the development of a fitness program
are covered in Chapter & and will not he covered here,
Endurance programs such as treadmull training, which are
also common, will not be covered either, as this author
prefers to find wavs to improve fitness and endurance
through participation in typical childhood activities rather
than in contrived activities, circumstances permitting. If
physical fitness s seen as an “exercise duty,” it is this author's
experience that the child and family are less likely to follow
through, seeing physical exercise as a chore rather than an
opportunity for growth, Thus, the intent for the physical
therapy section of this chapter is to (1) help the dinician
understand the process of a differential diagnosis for the
potential physical and activity limitations that may occur
secondary to the interaction of asthma with growing and
maturing bodies and (21 to present strategies and interven-
tions that endeavor 1o get these children back among their
peers, playing and competing in age-appropriate physical
activities, rather than participating in adult-supervised exer-
Cise programs,

Mevertheless, the child with asthma may need more
than a nudge and emotional support to engage in age-
appropriate physical activities, Few studies address possible
secondary physical impairments, such as adverse musculo-
skeletal changesfalignments, and newromuscular recrui-
ment problems that could limit the childs functional
potential ™™™ [n the Guide to Physical Therapist Practice,
physical therapy 15 defined as a "profession with ... wide-
spread chnical applications in the restoration, maintenance
and promotion of optimal physical function,” Thus, if phys-
ical and functional limitations were identified as occurring
secondary to asthma, then physical therapy would be the
appropriate service W restore, maintain, and promote
optimal physical functioning, Physical therapy examinations
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" EEEERT Motor IMPAIRMENT CATEGORIES

1. Mewromuscular system
2. Muscuboskeletal system
3. Integumentary system
4. Cardiovasoular/pulmonary system

5. Internal organs, especially gastrointestinal system*®

Adapted from American Phwsical Therapy Association. Guide to
Physical Therapist Practice, 2nd ed, Fhysioa! Therapy 21(1), 29,
00T

*The APTA's impairment categones <o not have a category for
dysfunction of internal organ systems other than the cardiovasculary
pulmonary system; thus, “internal organs” was added by this author to
correct for this deficit

and evaluation and considerations for physical therapy
interventions will he discussed within the context of a single
case to illustrate how to perform a differential diagnosis
through a multisystem review and how to appropriately plan
procedural interventions to address both the medical and
physical deficits. Impairment categories listed in the Guide,
plus an additional category of “internal organs.” will be spe-
cifically evaluated for their impact on movement potential
for the child with asthma (Box 25-11, Long-term outcomes
from these interventions are also presented.

This chapter presented the pathophysiology and current medical
management strategies associated with childhood asthma. In addi-
fion, through the use of a single case, ideas for the physical therapy
diagnosis and management of physical hmitations associated with
asthma and its resultant functional imitations were presented through
a multisystem and multidiscipline perspective. Impairments in the
cardiopulmonary, neuromusoular, musculoskeletal, integumentary,
and gastrointestmal systems were assessed for their contribution to
the activity and parficipation limitations that could not be fully
explained by asthma alone. An individualized physical therapy
pragram was then presented as a template for other pediatric physi-
cal therapy programs. Short-term and long-term results from the
physical therapy procedural interventions used with this single case
were presented 1o give the reader an indication of the potential
success of such interventions. Obviously, each individual case is
unigque and must be developed within the context of that particular

patient’s situation.
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Y - -
“lonathan”

“Jonathan” was referred to physical thesapy by his pediatiic pulmo-
nologist at @ years of age. He was in fourth grade and lved with both
parents and two older siblings in a large metropoditan area with
access to excellent pediatric care. He had two significant diagnoses:
exereise-induced asthma (E14) and a pectus excavatum. Figure 25-1
shows Jonathan at 10 years obd.

A pectus excavatum is an antenor chest wall deformity, particu-
larly of the body of the sterum and the surrounding costal carb-
lage. The cartilage is collapsed inward giving the visual presentation
of & hollowing out of the chest, otherwise called a “cavus.”
“caving-in,” or a “funnel” deformity of the lower sternum® (Figure
25-2). Jonathan's mather reported that his chest “always looked that
way” from birth (Figure 25-3). The thoradc surgeon recommended
surgery 1o correct the deformity, but the family refused a surgical
intervention,

Jonathan’s maother reparted a history of frequent bouts of recur-
ring bronchitis from 3 to 6 years old before the eventual diagnosis of
asthma at age & by a pediatric pulmonologist. He had no history of
priewmonia or hospitalizations. Jonathan's asthma has been managed
with medications since then, including Flovent twice a day (two
puffs), and Intal and Ventolin as necessary before participation in
soccer. bn spite of the medications, the patient and his mother

Jonathan at age 10 years. Note pectus excavatum
{cavus deformity of the kewer chest and stemum).

reparbed frequenl episodes of extreme EIA symploms, including chest
tightness, wiheezing, and shortness of breath after 5 to 10 minutes of
snocer, resulting in a termination of the activity, The pulmanary phys-
cian reported that Jonathan's pulmonary function tests (PFTs) indi-
cated that his pulmonary lmitations were minor (Le., minor peripheral
airway resistance). Mo other significant deficits were found on four
different testing dates over a year's time, Cardiac testing was nega-
tive. Even on an exerdse challenge test by the pulmonologist, Jona-
than showed no significant change in lung function, nor a positive
response to a bronchodiator challenge. The diagnosis of EIA was
made primarily on the basis of the child's dinical presentation rather
than pulmanary tests.

If his lung function tests did not show significant impairment from
hiis EIA, and his chest deformity was not causing lung or heart impair-
ments, then what could explain his level of functional limitations? The
pulmonologist believed that the medical status of his EIA alone could
not have caused such a severe activity limitation. She knew that the
patient and his family were motivated to follow his asthma manage-
ment program, especially because Jonathan wanted to qualify for the
travel soccer team. As a result, she referred Jonathan to physical
therapy to rule out physical impairments that might account for some
of the severity of his disease presentation.

A, This 16-year-old male has asthma and @ mare
severa congenital pectus excavatum deformity. B, Mote lower sternal
depression {or funnel), bilateral rib flares, and alevated and protracted
shaulders.
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q EVIDENCE TO PRACTICE 25-1

Comparison picture of Jonathan at ages 2 and
3 years ald. Mote the pecius excavalum is more sewars at 3

years of age

CASE STUDY “JOMATHAN"
EXAMINATION DECISION

The decision to look at Jonathan's musculoskeletal and
newromotor systems was based on years of clinical
experience of the therapist following long-term, complicated
pediatric cardiopulmonary cases, and the referring physician's
impression that Jonathan's endurance and lifestyle limitations
could not be fully accounted for by the asthma alone. At the
time of the referral, there was no evidence published on the
consequential physical impairments for kids with pulmonary
or chest wall deformities, but today we have two case studies
that show improved postural alignment (musculoskebetal
changes) and other physical improvements for such children
following physical therapy interventions (Canavan & Cahalin,
2008; Massery, 2005). A Cochrane systematic review in 2001
bvy Hondras and colleagues (2001) showed insufficient
evidence yet to support manual therapy for asthma. That
finding does not mean that manual therapy is not effective. It
means more research meeds to be done in this area before
broader conclusions can be drawn. Holloway and Bam (2004)
reported similar findings for neuromator refraining for
breathing.

FLAN OF CARE DECISION

The decision fo freat Jonathan's secondary physical problems,
primarily musculoskeletal and neuromotor confrol issues, was
based on Jonathan's personal goals and motivation, his
maother's motivation, the clinical experience of his physician
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and therapist, and limited research on chronic diseases at the
time that physical therapy was initiated. Mow, however, we
have multiple research studies confirming this decision to
treat. Asthma negatively impadts the quality of life for
children with asthma and ather chronic health issues, and
these effects carry over into adulthood. Children with asthma
are (1) less likely than their peers to participate in ongoing
physical activities without additional support by the family or
medical community, (2) more likely to report poorer quality
of life acrass the life span, (3) more likely to miss days of
school or work, and (4) more likely to be obese in
adulthood, to name a few (Fletcher et al,, 2000; Philpott et
al, 2000; van den Beml et al, 2010). The good news is that
these trends can be reversed when quality of life measures
are included in the child's asthma management (Bravata

et al., 2009),

PATIENT/FAMILY PREFERENCES

lonathan's family was motivated to try a nonsurgical (pectus
excavatum), minimal medication approach to managing his
asthma and chest wall deformaty with the long-term goal of
maximizing his participation in childhood activities, lonathan
himself had a specific goal: to make the travel soccer team.
This goal was made the epicenter of his physical therapy plan.
Every intervention was infroduced as a way to improve
lonathan's odds of making the team, demonstrating relevance
to lonathan's goals, not just the therapist’s desired outcome.
Studes, such as that by Robinson and colleagues (2008), have
shown patent-centered programs result in better long-term

Cpricieed
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CASE STUDY-cont'd

q EVIDENCE TO PRACTICE 25-1—cont'd

Camgball_Chagter 25_m:

adherence to medical management programs and improve
health and quality-of-life outcomes.
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Medical History and Multisystem Screening of the
Newromiscilar, Musciloskeletal, litegumentary,
Cardiovascular/Pulmonary, and Gastrointestinal Systems

A multisystemn approach to screening medical and physical deficits
was performed starting with an extensive medical history, followed
by identifying the child's limatations in activities and participation, and
then warking "backward” with this information to try to uncover the
primary impairment(s) that might explain the presenting signs and
symiptoms. In this case, the pulmonologist had already done an exten-
sive medical history and pertinent tests to rule out other underlying
medical pathologies that could account for his participation limita-
tions. Other medical reasons for an increase in asthmatic symptoms
could have included gastroesophageal disease (GERD), sheep disor-
dered breathing, pulmonary dliary dysfunction, or vocal fold dysfunc-
fion to name a few. ™™™ lonathan never had any overt dinical
symptoms of reflus or noctumal dysfunction; thus, no tests were
done. His mother did not recall any testing for cliary dysfunction
{wihich results in impaired airway secretion matility because of dys-
function of the beating cilia), and the lack of any recurrent respiratory
infection, such as repeat pneumonias, made this diagnosis unlikeby,™
A the time of the physical therapy examination, voeal fold dysfunc-
tion and supra-esophageal manifestations of GERD were nat com-
monly understood to be a possible cawse of asthmatic symptoms, and
this possibility was thus not explored. However, physical therapists
currently assessing children with asthma should bry 1o rule out gastnc
and vocal fold disorders as a routine part of the asthma medical
mning'l.lﬂiﬂ‘ﬂilﬂ

Screening Assessment of Functional Limitations Related
to Asthma

Following a medical history review, the physical therapy examination
and evaluation focused on assessment of Jonathan's breath support
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throughout everyday activities to determine if there was a specific
area of impairment or a pattern of limitation that could explain his
endurance lmitations (Table 25-2).

Soda-Pop Can Model of Postural Control and Respiration

Before describing Jonathan's examination results, the dual nature of
the respiratiory and postural muscles needs to be understood. Exter-
nal and internal forces affect respiration and postural control strate-
gies, This concept is iustrated in the following model™" (Figure
15-4).

The aluminum shell of a can of soda pop & thin, flimsy, and
inherently weak. Yet when unopened, it is functionally strong. It is
almost impossible to compress or deform the unopened can unless
the exterior shell is punciured. However, when it is opened, it loses
its “strength” and is easily crushed. It is the internal pressure from
the carbonation, not the aluminum exterior, that gives the can
strength. The trunk of the body embodies a similar concept, using its
muscular contractions to pravent its flimsy casing, the skeleton, from
being “crushed” by external forces such as gravity. The trunk is com-
posed of two chambers (thoracic and abdominal cavities), which are
completely separated by the diaphragm, thus rendering each chamber
capable of creating different internal pressures, The diaphragm is the
trunk’s primary pressure regulator. The chambers are functionally
sealed at the top by the vocal folds and at the botiom by the pelvic
flnor muscles. The entire system is dynamically supported by muscles
that generate, regulate, and maintain internal pressures in both cham-
bers. As a result, these musdes must simultaneously meet the respira-
tory and postural needs of that person. In other words, the trunk
miscles act as one continuous functional unit, providing the core
support for pressure regulation that allows the individual to multitask,
enabling “walking, talking, and chewing gum® 1o occur simultane-
ﬂLIS]'!I' and mﬂl.‘iﬂ.ﬂﬂ.lm
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TAELE 25-2 Assessing Functional Limitations Associated with Asthma or Other Ventilatory Dysfunction®

B23

Functional Ativity  Secondary Problems’

Breathing Inadequate breath support and inefficient trunk muscle recruitment at rest or with activities such that breathing or
postural control are compromised

Asthmatic triggers such as rapid airflow caused by sudden increase in physical activity, dry air or extreme air
temperatures, or other tnggers that trip an asthmatc readtion

Inefective mobilization and expectoration strategies

Breathing difficulties, signs of abstructive or central sleep disorders

Moctumal reflux (GERD)

Swallowing dysfunction

Reflux (GERD)

Dehvpdration

Poor nutrition

Inadequate lung volume and/or imadequate motor control for eccentic and concentric exparatory pattenns of
speech

Poor coordination between talking (refined breath support) and moving (postural control)

Inzdequate balance between ventilation and postural demands

Breath holding with more demanding postures: use of the diaphragm as a primary postural musde for trunk
stabilization

Inadequate lung velume to support movement

Inadequate and/'or inefficient muscle recruitment patterns for trunk/respiratory muscles causing endurance
problems or poor moter performance

Ineflective pairing of breathing with movement, especially with higher level acivities

Coughing
Sleeping

Eafing

Talking

Moving

*The folawng activites require adequate lung volumes and coordinabon of breathing vith movement for opbimal performance.
These typical secondary prablems assodated with asthma should be screened for to desermine their passible contribusion to the dhild's mator impairment or
mator dyshunction.

Vocal folds

Thoracic cavity
Diaghragm [ZF LS A pestural contral madel using a sada pap can.

Abdominal cavity

Pehde floor

The functions of the internal organs are supported by these pres-
sures as well, espedially the lungs, heart, vascular structures, gastro-
intestinal system, and hymphatic systems. For example, following a
lower cenacal spinal cord injury, the diaphragm is still functioning,
but the intercostals and abdominal muscles are paralyzed. As a result,
normal pressures cannot be generated. Without the other musdes’
support, the diaphragm is mechanically compromsed resulting in

Camgball_Chagher 25_madnindd 833

impaired inspiratory lung volumes, impaired expiratory force (weak
cough, low blood pressure, and frequent constipation.™™'"™ in Jona-
than's case, his pectus excavatum became his *weak spot.” The
pasturalfrespiratory implications will be discussed in the next section.

Breathing
Increased effort was noted with Jonathan's quiet breathing pattern,
induding (1) occasional paradmocal  breathing (e, inward

Cpricieed
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movernent of the chest or abdomen during inhalation) and (2) fre-
quent forced exhalations. Paradoxical breathing is thought to be due
to the significant negative inspiratory pressures that the child with
asthma must exert io owercome inspiratory resistance in the
airways. 450

The paradooical movements of his chest wall indicated a muscle
imbalance between the respiratory musdes, usually assodated with
weaker intercostale and abdominal musdes in relabion 1o the dia-
phragm.* This weakness in the chest muscles, combined with the
unbalanced descent of the diaphragm, may be the result of the pecus
excavatum or it may have contributed to the further development of
the pectus {the “chicken and the eag” syndromae). On the other hand,
Jonathan's forced exhalations were probably secondary to the
obstructive lung component of asthma, which constrics the conduct-
ing airways during exhalation. This forces the child to recruit expira-
tory musches (primarily the abdominals and imternal intercostalsh to
push the air out of the chest, even during quiet exhalation, causing
increased work of breathing even at rest.

These patterns indicated that lonathan’s motor planning for ven-
tilation musde recruitment did not appear to be optimal for activities
that required greater oxygen consumption because he was already
overusing his diaphragm and recruiting his upper accessory muscles
at rest, all the while underutilizing his intercostal musdes. Al these
observations led me to believe that his respirstory muscle imbalance
may be significantly contributing to his decreased endurance and
poor musculoskeletal alignment of his chest and owverall postural
alignment, and it may account for the endurance himitations not
attributed to asthma itself by the pulmonclogist.

Coughing

The patient demonstrated an effective cough. The only reports from
the tamily of ineffective coughing or mpaired airway dearance strate-
gies during respiratory episodes came from his mother, noting that
sometimes when he is sick, his secretions are so thick that they pet
“"stuck™ in his chest. lonathan reported that he rarely drank water at
schood, This would indicate a need for increased hydrabion and a
possible sereening for ciliary dysfundion o rule out the possibility
that the cilia themselves were dysfunctional rather than that the
miuous was simply thicker because of dehydration,™ He did not report
vomiting associated with forceful coughing as many children with
asthima reporl. Gagging of vomiting 5 a common occurrende follow-
ing & hard cough, likely because of the lower esophageal sphincter
{LE%) succumbing to the high abdominal pressures associated with a
series of coughs. When the LES fails, the intraabdominal pressure of
cough will farce the abdeminal contents up inte the thoracie esapha-
215, This is clinically noted as a severe reflux presentation: a dry gag.
or a full vomit &t the end of the cough.™

Sleeping

The patient reported that he sleeps on his badk with his arms by his
side, and occasionally he sleeps on his side. Mo breathing difficulties
{ncuding apnea, snoring, or iregularities), coughing, or drooling at
night were reported that could indicate upper airway obstruction ar

GERD."™ A preference for the supine position at night, however, may
indicate a recruitment of upper accessory muscles even while sleep-
ing owing fo the optimal length-tension relationship of those muscles
in supine along with increased posterior stabilization Jonathan
reports that he does not “curl up” to sleep. It & my clinical obsenvation
that children who are primarily upper chest breathers instead of
diaphragmatic breathers will often choose to sleep supine with their
arms up ower their head rather than prone or curled up on their side,
probably because of the improved length-tension relationship of all
the anterior and superior chest musdes in supine. They may also
report that they start out on their side or stomach, but find themselves
an thear backs in the moming. Depending on the rest of the findings,
one may want o recommend a change in sleep postures for Jona-
than, but only if that still allows him to sleep through the night as
sleep-disordered breathing is a common consaquence for children
with asthma. Increased negative pressure during inhalation because
of asthma’s restricted airways, combined with a recumbent position,
may predispose patients to nocturnal GERD and disrupted sleep.**"*
Eating

lonathan did not report problems with chewing or swallowing any
foods or textures, nor did he report any diffioulties with drinkang any
type of liguid at any speed. In addition, there was no histery of aspira-
tion, choking, or gagging episodes. He did not present with any dini-
cal signs of GERD, which is & comman association with asthma and
should be ruled out as a contributor to the motor or health restric-
tions** Asthma is typically assodiated with a higher sensitivity or
reactivity to dry air in the airway; thus, adequate hydration to keep
the airway moist (huridity) is necessary to decrease external triggers
to asthmatic reactions.™ Hydration is also necessary to keep secre-
tions thin and mobile.® lonathan did not have a “feeding problem,”
but he did have a hydration problem, which most ikely exacerbated
his EIA sympioms.

Talking

Jonathan demonstrated a normal numbser of syllables per breath (at
least & to W) as noted during corversational speech™® He was
capable of excellent sustained vocalization: 20 seconds (twice the
expected length).*® He could also falk in all postures at multiple
volume levels with good postural control and controlled eccentric
breath support. This was dearly the patient's strongest demonsiration
af breath control within a functional task. | anticipated sing this
strength to reinforce eccentric trunk control and pacing activities with
soocer, Speech breathing s primarily eccentnic controd of the inspira-
tory muscles; thus, | could use his excellent eccentric motor planning
for the trunk musdles during speach to recruit the same musdes far
eccentric confrol during other eccentric trunk and postural
maneuvers.”

Moving

lonathan reported episodes of extreme shortness of breath (dyspnea)
and asthmatic episades within 5 to 10 minutes of particpating
strenuous aclivities such as soccer. He reporbed that he “warms up
for @ minwte” before starting 1o run in soccer. This quick change from
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rest o running would cause a rapsd acceleration in inspiratory volume
and flow rates and could possibly trigger his EIA response secondary
o upper airway hyperresponsiveness or increased ainway resis-
tance."” He also reported that he wsed his bronchodilator mhaler
immediately before team practice, which doesnt allow for maximal
benefit of the drug; thus, incormect use of medications may also be
contributing to his ELA. It was interesting that lonathan did not repaort
breathing prablems with quiet activities, in spite of the fad that his
breathing demonstrated inconsstent recruitment patterns and an
increased work of breathing at rest. Mo breath holding was noted with
any developmental posture or transitional movement. Poor coordina-
tion between breathing and movement appeared to be contributing
1o his limitations in higher-level activities such as sport participation
bt not during quiet activities.

Summary of Functional Screening

The functional screening indicated impairment at the level of
musce recruitment for breath support at rest and during strenuaus

exercise, with resultand endurance imparments. Activities that
demanded greater onygen consumption and faster nspiratory flow
rates, such as soccer, immediately used up his pulmonary reserves,
causng lonathan fo hit an early “ceiling” effed, forcing him to ter-
minate the activity because of dyspnea and asthmatic symptoms. It
also caused a rapid influx of dry air, which most likely triggered the
EW response. No significant problems were noted with fundional
tasks requiring less oxygen demand and slower inspiratory flow
rates such as sleeping, coughing, eating, or talking. In fact, breath
support for talking was extremely well developed and was noted as
his strongest asset on the funchonal assessment, Inadequate daily
hydration, which would decrease his secretion mobility and produce
heightened airway hypermesponsiveness (bronchospasm), was also a
significant finding. Jonathan's functional screening results are sum-
marized along with his other examination and evaluation findings in
Table 25-3.

TABLE 25-3 Synopsis of Jonathan's Initial Physical Therapy Examination and Evaluation

Evaluation Jonathan's Results

Medical Asthma, primarily exercise induced (ELA)
diagnoses Fedus excavatum

{pathology)

Impairrernt Cardiopulmonary:

body funchions peripheral airway resistance

Auscultation clear in all lung fields
Mo cardiac defiots per cardiologist
Musculosheletal:

Shortened neck musculature, hypertraphy
o shoulder range-of-motion limitations
Neuromuscular:

muscles, and scapular adductors

Integumentary:
INo restrictions noted

Camgball_Chagher 25_madnindd 835

(summary of Inflammation and hypermesponsiveness of airways particularly after initiastion of exerdze with PFTs indicating mild

and structure) Marked endurance limitations (5-10 minute tolerance) especially with higher level activities (particularly soccer)
Occasional debydration and decreased secrefion mobility
Increased work of breathing even at rest, RR 20 breaths/min (high end of normal)

Marked pectus excavatum and elevated sternal angle

il flares, L > R, with weakness noted in oblique abdominal musdes L > R (patient is right-handed)
Functional midtharacic kyphosis of the spine particularly at the l=vel apposite the pectus

Decreased lateral side bending, ndscating chest wall and quadratus lumborum restrictions

Iilr cage mobility restrictions greatest in mid chest nearest the pedus

Mid trunk “fold” in sitting {rib cage collapsing onto the abdomen in sitting)

*Slouched” sitting and standing postures: shoulders pratracted and internally rotated

Muscle imbalances in trunk musdes with significantty weaker/underutilized intercostal muscles, oblique abdominal

Inefficent neuromuscular recrustment patterns for inspiratory and expiratory efforts as well as for postural demands

Internal organs, espedally gastrointestinal system:

Mo reflux, constipation, or other gastromtestinal dysfundion

Cnrisieed
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CASE STUDY—cont'd
TRELE 25-3 Synopsis of Jonathan's Initial Physical Therapy Examination and Evaluation—cont'd
Evaluation lonathan's Results
Functional Breathing pattern was inefficient showing musde imbalance among the diaphragm, abdominals, intercostals, and
[imitations UPPEr ACCESSOY Miscles
(breathing, Movemnent and participation limitations secondary to medical impairments, endurance impairments, postural
coughing, impairments, and breath support impairments
sleeping eating  In addition to movement limitations due to the medical component of asthma, his moverments were limited by the
talking, moving)  simultaneous postural and respiratory demands presented during higher level activities such as soccer and the
ventilatory nesds to suppart such tasks
Mo fundional breath support imitations noted in sleeping, eating. coughing, or talking adiities
Adtivity and According to mother, Jonathan was beginning to withdraw from participation in physical activities, especially
participation organized athletics, secondary to his "deformed chest” and fear of asthmatic episodes
limitaticns ElA caused him to stop playing soccer after typically 5 to 10 minutes
Patient had already stopped swimming to avoid Laking off his shit among his fnends
Diagnosis a-year-old boy, with history of severe EIA and marked pectis excavatum
Significant restrictions in chest wall mability and pasture, as well a5 motor planning dedicits, contributed to imitations
in adequate breath suppart, postural control and endurance for desired fundtional activities and contributed to the
continued development of the pectus and other postural deformties
Delwydration also appeared to play a significant rode in triggering a bronchospasm (EM) during the rapid change in
nhalation velume and negative force associated with participation in sports such as spooer
Proghosis Excellerit
Capable of developing mew motor plans
Musculoskeletal deformities were functienal, not ficed; still prepubescent
Motiwated by his desire to “make” the traveling soccer team, and be “normal”
Supportive Tamily
Good medical care
Assessing the Impairments Related fo VErY young age. sefting up a pattern of overuse, which leads to
Functional Limitations fatigue (endurance factor). When he needed more oxygen during

When limitations are nated during the functional limitation screening
assessment, further impairment testing should be done {age appro-
priately) to assess the extent of the initial Bmitations and as a baseline
for asmessing future progress, A baby or young child would not be
capable of performing or cooperating with some tests, such as PFTs;
thus, the physical therapist must assess the appropriateness of any
impairment test for each specfic patient.

According to Jonathan's pulmonologist, his lung pathology alone
eould not have caused his marked functional limitations noted during
athletics such as soccer. Results of our funchional screening condur
with that opinion; thus, further impairment tests and measures were
taken. A few key findings from his examination will be interpreted
here to explain their refevance to his functional limitations.

Jonathan demonstrated a muscle imbalance between his three
primary respiratory muscles (diaphragm, abdominals, and intercos-
tals) and his upper accessory muscles of respiration. As previously
described, all play a dual rode in amultaneously meeting his breath-
ing needs and his postural needs. Because of his asthma, lonathan
had to overcome inoreased inspiratory resistance even at rest, which
likely led him to over-recruit the upper accessory musdes from a

exgroise, he recruited those same accessory musdes even maore sa,
reaching a cedling on his resparatory resenves. There were no musches
left to recruit when he needed more axygen (again with an impact
an endurance), Thus, when his postural demands increased, such as
during soccer, his oxygen requirements limited the actwity. As
Hodges described in 2000, when faced with increasing oxygen
demands, the diaphragm will decrease its acive role in postural
control in order to concentrate an its survival role as a respiratory
mde_SF

Typical of many patients who have an increased work of breath-
ing, Junathan used his accessory musces of respiration at the expense
af his diaphragm and external intercostals, seen clinically as occa-
sional paradeocal breathing and forced expiratory maneuvers at rest
| suspect this pattern contributed to the sternal abnormalities {ele-
vated sternal angle and pectus excavatum) that formed early in his
life. In my dinical observations, children with an early onset of asthma
or other chronic respiratory condiions who overuse their sterno-
cleidomastoid (SCM), scalenes, and traperivs muscles, cause a
greater force on the anteror-superior pull on the stemal angle, result-
ing in an elevated stemal angle. The manubrium (the top portion of
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the stemum) & caldfied at birth, whereas the body of the sternum is
primarily cartilaginous.” Perhaps that is why the solid manubrium
tilts superiorly with the pull of the SCM musdes, whereas the less
stable sternal body is bess likely to be drawn upward. This in turm
causes greater superior expansion of the chest at a loss of anterior
chest exoursion (decreased droumferential chest wall excursion),
leading to chest wall restrictions. bn addition, children ke lonathan
tend to initiate inspiration with a greater effort to overcome the
increased ainway resistance from asthma, creating a larger negative
inspiratory force (NIF) and more collapsing forces on the chest
il ™™ Clinically, this i observed as an excessive inferior descent af
the diaphragm flow abdominal excursion) with flat or paradoxical
intercostal movement (ivward movement of the middle or lower
chest wall). | believe that, over time, the repeated excessive MIF
contributed 1o a decreased developmental stimulus Tor the activation
of the intercostal muscles, thus setting up a pattern of musde imbal-
ance along Jonathan's chest wall and contributing to the further
development of his pecus excavatum and assocated rib cage and
thoradic spine restrictions.

This is a pattern that | see repeated in numerous other cases in
which asthma limits the childs participation in normal actiities
from infancy through puberty. | believe that the neuromuscular
recruitment patterns developed early in ife becase of the child's
ventilatory needs result in musculoskedetal abnormalities and neuro-
muscular imbalance of the respiratorypostural trunk musdes for
movement. This is unique to childhood asthma becawse of the
maturation and development of ther systems wversus adult-onset
asthma where the motor systems have already completed typical
development.

Evaluation of Examination Results: Impairments of the

Newromuscular, Musculosheletal, Integumentary, Cardiovascular/

Pulmonary, and Gastreintestinal Systems

1. From a medical perspective, lonathan's asthma was well managed,
but it was still limiting participation in typical childhood activities,
Thus, his cardiopulmonary system was not the only impaired
systerm. Typacal secondary medical impairments such as GERD
wiere not overtly present, but daily underhwdration was likely a
significant contributor to his EIA response,

2. Jonathan demonstrated muscle imbalance in quiet and strenuous
breathing. It appeared that he could benefit from bearning new
motor strategies o breathe effectively and efficiently (neuromus-
cular retraiming) in order to better support ventilatory needs simul-
taneously with the postural demands of the task.

3. Jonathan demonstrated numerows chest wall and spime restric-
tions, but mo integumentary restrictions. He needed more musou-
loskeletal mobility to support adequate internal lung expansion at
low energy cost and decrease the tiggers that caused his EWA
response, such a8 rapid inspiratory airflows. This mobility was
necessary before neuromuscular retraining could be effectively
undertaken, and before adaptve cardiopulmonary strategies
could be optimized. Thus, with his asthma well managed from a
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medical perspedive, the musculoskeletal system presented the

first obstacle to his optimal physical function and endurance.

Therefore, in spite of the fact that his primary diagnesis was
cardiopulmonary, this examination pointed to significant musculosk-
eletal and nevromuscular impairments assodated with Jonathan's
medical diagnosis. Large-scale literature reviews of breathing retrain-
ing such as the Cochrane Reviews have been more plentiful in the
past few years, but they generally apply to adult populations. Although
authors of these reviews continue to conchude that the evidence for
strengthening respiratory muscles or nevromuscular refraining of
breathing patterns & moonclusive based on a lack of controlled
studies or the small number of available controlled studies, they
spedifically express the opinion that the current state of the evidence
ts such that one cannot conclude that breathing retraining doesn't
wiork, just that there & not enough hard evidence o make a decision
either way. ™" The result is similar for manual therapy musculosk-
eletal interventions, ™
Diagnosis
Jonathan is a 9-year-old boy with a history of severe EIA and marked
pectus excavatum. Significant restrictions in_ his chest wall mobdity
and posture, as well as motor planning deficits and underhydration,
appear te contribute to Bmitations in breath support and endurance
for his desired functional activities and contribute o the continued
development of the pectus excavatum and other postural deformities

by perpetuating trunk musdle imbalance and an increased work of
breathing.

Prognosis

Jonathan's parents have rejected a surgical option to reduce his
pectus, and thus his prognosis was related 1o the potential success of
a noninvasive physical therapy program. | believed that Jonathan had
an excellemt prognosis for the following reasons: (1) he was dosely
followed from a medical perspective, (2) he was neurologically intact
and capable of developing new muotor strategies, (3) his musculask-
eletal deformities were funchienal, nol fmed, and he was aill prepu-
bescent, and (4) just as important, Jonathan was extremely motivated
by his desire to “make” the traveling soocer team and his desire to
b able to take his shirt off without embarrassment because of the
pectus. His mother was completely committed to helping her son
maximize any opportunity to improve his health and well-being,
inchuding domg daily exercises at home under her supervision, if
necessary. Wit this high leved of support from the patient and his
family, | anticipated making maximal progress with about & 1o 12 visits
OVEr @ 1-year time frame.

Physical Therapy Procedural Interventions and Outcomes

The goals of Jonathans physical therapy program are listed in
detail in Tables 25-4 and 25-5, and the physical therapy interven-
tions are summarized in Tables 25-5 and 25-6. These represent
typical goak and intervention strategies for many children with

Cnricieed
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TRELE 15-4 Goals of Physical Therapy Program

Plrysuical

Therapy Goals  Jonathan's Goals

Longderm goal  Reduce secondary impairments that limit lonathan's ability to achieve his desired level of physical activity
performance and particpation (soccer, baseball, swimming etc) and health (missed days of school, ER visits,
sicknesses).

Short-berm Increase joint mobility of rib cage and thoracic spine to promote full ROM for optimal breath support, full trunk

goals movernents to opfimize skilled movemnents of the trunk musculature, decrease forces promoting developing kyphaosis,

as well a5 decrease forces promaoting developing pectus excavatum.
Improve muscle strength and muscle balance between diaphragm, intercostals, abdominals, paraspinals, scapular
retractors, and neck muscles to normalize forces on the developing spine (decrease kyphaosis), ribs (increase individual
rib movement potential), sternum (decrease pectus forces), and shoulder (decrease anterior humeral head postioning
and potential shoulder ROM losses).
Improve motor planning of trunk muscle recruitment for respiration and posiure by: Changing the sequence of
activation of respiratory muscles to promote sooner adivation of intercostal musdes, thus preventing paradomical chest
wall movement, which increases pectus forces (greater negative inspiratory forces remforce development of a pectus if
intercostals are weak, paralyzed, or delayed).
Refining the respiratory pattern during quiet and stressful breathing to imgrove endurance by teaching Jonathon to
utilize his diaphragm (endurance musde) for a greater percantage of the ventilatory workload, and to derease his
over-recrutment of accessory musdes (short burst supporters) during quiet breathing.
Refming recruitment pattern of postural muscle to:
Increase recruitment of intercostals, oblique abdominal and transverse abdominal muscles, scapular retractors, and
paraspinals,
Decrease over-recrustment of rectus abdominus and sternoclesdomastoid (SCM).
Improve core trunk movements so thal the intercastals, obligue abdaminals, and tramsverse abdominal muscles
become the primary stabilizers of the mid trunk, thus avoiding the SCM being overutilized as the primary trunk
flexwor, which can cause rib ebevation, ferward head, and eventually rib flares from underuse of oblique abdomanals,
Improve coordimation of breathing with movemnent to improve axygen fransport duning an achvity (improving
endurance) and to optimize the coordination between the respiration and postural demands. of any physical task in
order to improve overall physical perfermance from simple tasks such as activities of daily living to demanding tasks
such as soccer,
Improve patient and family’s understanding of how they can more effectively manage the adverse effects of
asthrma on Jonathan's posture and movement patterns in order to reduce external triggers that precipitate his asthma
attacks. This indudes improving his overall hydration levels especially during athletic activities, decreasing activities that
result in rapid changes in inspiratory airflow demands (skower warm-ups), and improving the timing of his asthma
medications with strenuous activities.

TABLE 25-5 Physical Therapy Interventions

Impairment Category  Interventions for Jonathan

Asthma
{cardiopulmonary)
management
sirategies
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Increased hydration fo decrease extrinsic EIA triggers

Improved timing of medications with adivity level to get maximal benefit of medication

Developed and implemented a new warm-up proteced for soccer pradtioss and games that slowly increased his
respiratory work load ko avoid dramatic changes in inspiratory lung wolumes and speed to avoid ELA trigger
such as initiating a walk/run warm-up rather than running only, with gradual increase in running time and
speed and strefching all trunk musculature prior to soocer

Coordinated ventilatory strategies with movement and stretching to decrease respiratory workload and EIS trigger
Improve efficency of movernent with resultant improved endurance

Implement breath contral techniques to prevent or minimize EIA attacks

Improve avwareness af oncoming

ElA symploms

Use controfled breathing techniques to ward off EIA attack when possible
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CASE STUDY —cont'd
TAELE 25-5 Physical Therapy Interventions—cont'd

Impairment Category  Interventions for Jonathan

Muscuboskeletal Rib cage mobilization to ncrease chest wall and thoracie spine mobdity in order fo reduce respiratory worklead

interventions and increase likelihood of recruiting intercostal muscles for more efficient respiration and support for
developing thorax (reducng pectus excavatum forces)
Intercostal muscle release to optimize length-tension relationship
Quadratus lumborum muscle release to promate sctivation of oblique and ransverse abdomanis musdes for
bowier trunk stabilization imstead of quadratus
Adtive assistive anterior and axial glides to thoracic spine
Home pragram to maintam newly gained trunk mobilsty

Meuramuscular Specific diaphragmatic training from recumbent 1o upright positions, and eventually 1o sporting conditions

interventions Emphasis on slow, easy effort during initiation of inhalation to prevent overpowering developing intercostal
miscles
Increased recrustment and strength of intercostals for all breathing patterns, postural control, and skeletal
development (reducng pectus, parsdoxical breathing, and thoraoc kyphosis)
Specific coordination of inhalation/'exhalation patterns with all activities {ventilatory strategies)
Increased recrustment and strength of scapular adductor, shoulder external rotators, and paraspinals for
increased posterior stabilization
Lengthening of neck accessory muscles through active stretching
Midtrunk stabilization exercises (reducing rib flares and improving midtrunk interfacing between intercostals
abdominals)

Integumentary Mone needed at this time

imMerventions

Internal organs Increase hydration, espedally during sporting adivities

(gastrointestinal)

mferventions

TAELE 25-6  Lateral Trunk Flexion Mobility Test for Rib Cage and Quadratus Lumbomm

Discharge Date 11 Reevaluation 4 Years After
Test Initial Date  Months Later Discharge
Lateral side bend toward L: mability of right rib cage Fi A 4" L% A
Lateral side bend toward L: mobility of right quadratus lumborum T 5 "
Lateral side bend toward R: mobility of eft rib cage A g ¥
Lateral side bend toward R: mobility of left quadratus lumborum " 25" 3"

Mote: Froem insbial evaluation to discharge 11 manths later, Jonathans nb cage mobilty doubled on the nght, and more than doubled on the left. He
quacratus lumbaorum kength mpled on the right and deabled on the left. At the A-vear follow-up examnation, he had lost same makbslity at all levels exceps

the left quadratus lumbonsm.

asthmia and can be adapted for other cases or age ranges. All goals
are developed in the context of a pabent-centered care plan as
research and clinical experience shows better long-term outcomes
and canryover.®

Asthma (Cardiovaseular/Pulmonary and Gastrointestinal)
Procedural Imterventions

Jonathan was instructed in immediate changes that he could imgle-

ment at school, home, and on the soccer field to decrease the friggers
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that set off his EIA response. He was extremely sensitive to a sudden
increase in inspiratory wolumes and flow rates that occurred second-
ary to soccer warm-ups, which started with laps around the soccer
field, ltwas likely that the combination of (1] the dryness in his airway
causad by the change from nose breathing to mouth breathing
becase of the sudden need for increased inspired air during the
runming activity and (2) the large, fast moving volume of air required
to perform this high level of exercise played a significant role in

Cnricieed
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MAHAGEMENT OF CARDIKDPULMONARY COMNDATIONS

@;ASE STUDY—cont'd

triggefing an acute attack.™** Within 5 to 10 minutes of soccer, he

would typically experience such extreme shortness of breath that he

was forced to stop playing. Often he did not recover in time to rejoin
his teammates.
Jonathan’s management program induded several steps:

1. He was instructed in ways to increase his hydration overall, and
specifically to use hydration before and throughout the games and
pracices in order 1o keep his upper airway moist

2. He began to take his medications sooner, at beast 15 to 30 minutes
before the start of soccer, to receive the maximum benefit from
the drugs.

3. He started a niew warm-up that slowly increased his adivity level
50 that the coygen demand gradually increased, allowing him o
breathe throwgh his nose for a longer period of time and allowing
the necessary nspired air volume o also increase slowly.

4. He stretched his trunk, spine, nb cage, and shoulders before the
game o maximize mobility (compliance) of his chest wall move-
ments, thus decreasing his work of breathing and reducing the
negative pressures (NIF) that he needed to generate to inhale
adequate volumes of air, which in tum reduced the collapsing
forces on his chest wall,

5. He coordinated his breathing specifically with the relationship of
the trunk movement and rib cage during each stretching exercise
and movement in general to reinforce normal pattern combina-
tions of movement and breathing (ventilatory strategies). "

&, He was taught two particular breath contral techniques to help
him regain control of breathing during the early stages of an
asthmabic attack: (a) repatterning controlled breathing technigque
and (b) an enhanced Jacobsen’s progressive relaxation technigue.
These techniques were developed by Frownfilter, ™

Repatterning controlled breathing technigque

6a. The patient & asked to start with exhalation. "Try to Bow out
easily with your lips pursed. Don't force it just let it come out.”
Supgesting that the patient visualize a candle with a flame which
their exhalation makes flicker but not go out will help to produce
a prolomged, easy exhalation. Doing this allows the respiratory rate
to decrease automatically, When the patient feels some control of
this step, then ask him or her to “hold your breath at the top of
inspiration just for a second or two." Make sure the patient does
nat hold i or her breath and bear down as in a Valsalva maneu-
ver, Last, ask the patient to take a slow breath in, hald it, and let
it go out through pursed lips. Patients leam that when they are
short of breath, this technique often helps them to gain control,
miaking them feel less panicky.*" lacobsen's progressive relaxation
technique.

Bb. Utilizes ventilatory sirategies to help the patient experience the
difference between inhaling and contracting the upper traperius
versis exhaling and relaxing the trapezius in order (o develop new
mtor strategies fo keep the frapezius from being over recruited, ™

Using a mirror for feedback, the patient is instructed to Bt his
shoulders while imhaling and is then asked to hold his breath at the
peak of shoulder elevation. The therapist applies maximal down-
ward resistance while telling the patient to *hold." The patient is
then nstructed to “let go” slowly and to exhale with gentie pursed
lip breathing while the therapist slowly applies axial rotation to
the spine through the shoulders. The purpose of the activity is to
help the patient feel and see the difference between excessive
recruitment of the trapezius and relaxation of the trapezius.
Asthmo Management Dufcomes
lonathan ngorously followed the regimen induding carrying a water
botthe with him everywhere, even in the dassroom. He noticed an
immediate decrease in chest tightness and dyspnea during soccer
practice and games, Of partiular note, before using the repattern-
ing controlled breathing technique, Jonathan said he had no way to
stop the progression of his asthma attack once it started. Now he
said that if the attack was mild he was able to "work through it”
with the repatierning, and it did not develop into a full-blown attack.
He could now play a whole game of soccer without EIA preventing
his particpation. In fact, he made the travel soccer team and could
play four consecutive games of soccer in 1 day without EIA symp-
toms. As a consequence of decreasing EIA triggers, Jonathan began
having fewer and fewer asthmatic attacks, such that all asthma med-
ications were discontinued 2 months after starting physical theragy.
This was not an intended consequence of physical therapy, but a
welcomed one. Jonathan reported only one incident of bronchitis in
the following year and no asthma attacks after 2 months of physical
therapy.
Muscoloskeletal Inferventions
lonathan needed increased chest wall and spine mobility before
atternpting neuromuscular training of musdes along that fight nib
cage. Jonathan was positioned in side lying with a large towel roll
placed under his lower ribs 1o masimize rib expansion on the upper-
most side (Figure 25-5, A), Manual b mobdization was performed
to all 10 ribs bilaterally to ncrease individual rib movement potentials,
to increase rib cage compliance, and to increase the potential for axial
rotation of his thoracic spine (a tight rib cage makes lateral or axial
movernents of the thoracic spine less possible).™ From the results of
my testing, the intervention was focused mare on the left side than
the right, and mare in the middiwst than the upper of lower chest
(Figure 25-5, B). This was followed by intercostal musde release
technigques to maximize intercostal spacing and optimize their length-
tension relafionshap for nevromuscular reframang (Figure 25-5, C).
Finally, his quadratus lumborum was released bilaterally to allow for
more separation between the rib cage and the pebvis (Figure 25-5,
D). Posteriarly, the thoracic spine was only mikdly restricted in ante-
nor ghdes (extension of spine) and axial ratation, so adive assisted
mobdlizations were incorporated into his home program. Jonathan
worked on maintaining his newfound trunk mobility with a home
stretching program.
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CASE STUDY—cont'd
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PT musculoskeletal interventions to increase chest wiall mobaity (demaonstrated wath & female, not with lonathan). &, Start pasi-
thar. Mote towel roll under the patient’s kwes ribs to madimize chest expansion. B, Rib mobilization technique for the midribs. Similar gositicning
would be used for ather ribs. C, Intercostal muscle release (lengthening technique) on bower ribs. In this picturs, the therapist's thumb is between
s 8 and 9 in the intercostal spadng. The release movement proceeds from posterior to antesior on the chest wall. B Quadratus lembaorum
{0L) muscle release (lengthening technique), The therapist's right hand is kengthening the QL while the left hand is stabilizing the pedis,

Muscufoskeletal Outcomes
Janathan made tremendous progress in trunk mobility as measured
by range of mation in kateral trunk flexion (Figure 25-5). His rib cage
maobility doubled on the rght and mose than doubled on the left. His
quadratus lumborum length tripled on the right and doubled on the
left (see Table 25-6). His anterior glides and axial rotation glides of
thoradic spine were now nofmal

His pectus excavatum volume, which was measured using a water
displacement method, was 34 ml H20 when measured 4 manths into
treatment (Figure 25-7). The volume was reduced by half to 1&m L
H20 at discharge 7 months [ater (Table 25-7). (Pectus volume was
ned measured on initial evaluation.)

Postural assessment showed elimination of functional kyphoss in
sitting and standing postures. lonathan no langer showed a midkrunk
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“fold” in a sitting posture. Mother and son reported that his teachers
na longer continually remanded him to sit up straight in school, Infe-
rior rib flares were no longer apparent as his abdominal muscles now
adequately stabilized the rib cage at the midtrunk and his primary
neuromuscular recruitment pattern now wtilized his abdominal
muscles instead of his sternocleidomastoid musdes as his primary
trunk flexor. His sternal angle elevation appeared shighthy reduced but
wis nol objectively measured.

Neuromuscular Interventions

The priorities of Jonathan's physical therapy were to address his
medical needs first, then his musculoskeletal restrictions, and finally
his neuromuscular impairments. Jonathan needed to balance the
strength and recruitment patterns of his respiratory and postural
muscles to optimize breath control at a low energy cost, while

i
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CASE STUDY-cont'd

Lateral frunk flexion measurement sites. A, Lateral frunk fiexion movement. Total excursion wes measured in two seqments.
B, Rib cage mobility was measured from a full wprght position 1o the end lateral trunk flexion position. The stasting points Tor the tape measure
were the midaxilary line (head of the humerus) superioly to rib 10 {lowest palpable rib} inferiorly. Totzl movement in inches was reconded.
C, The mobility of the guadratus lumbaorum, and to & [esser extant the gluteus medius, was measured likewise from rib 10 superiarly 1o the greater
trechanter inferigay.

TABLE 25-7 Other Tests and Measures

Discharge Date 11 Reevaluation 4 Years

Test Initial Date Maonths Later after Discharge

Pectus valume displacement 34 mL (taken 4 months after initial evaluation) 18 mL 17 mL

(typical: zero or minimal volume)

Respiratory rate (ypical 10-20) 20 n =

Auscultation Clear Clear Clear

Phonation (typical 10 seconds) 20 5er 5.5 ser 8.6 sec

PFTs (pulmonary funchion fests) Hormal lung valumes and flow rates Mot taken Mormal lung volumes and
flow rates

Nlote that Janathan's pectus excavatun, which was 34 mL H,O when measured 4 months imo treatmens, was reduced by half to 18 md H,0 at discharge and
wars mairiamed relatively at the same level when remeasured 4 years later
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CASE STUDY—cont'd

[ITEEER] Pectus excavatum volume displacement measurement, The patient is positioned supine with the pectus deformity paraliel to the
flaor {in this picture, the patient is slightly tilted superarly and would need to have his upper trunk reised slightly with pifliows o make the pectus
parallel to the swrface). A volume displacement measurement is used as a crude estimate of the extent of the volume of the pectus, Water from
a measured syringe fills the pactus wntil spilling over the deformity. The test is repeated three times or more until consistent. if & consistent

measurement cannat be made, the measurement is discardad.

simultaneously providing appropriate muscle force to his developing
SIJ'-I'II and rib :M a hm m:lu!.h‘},HHJI.III,“!JH-

The meuromuscular retraining of Jonathan's respiratory musdes
started with spedfic diaphragmatic training in a sidelying posture
to facilfate a more optimal length-tension relationship of the dia-
phragm while simultaneoushy faclitating a less optimal length-tension
relationship of the upper accessory muscles &0 minimize thesr

Camgball_Chagher 25_madnindd 233

recruitment during quiet breathing. Jonathan did not respond with
increased diaphragmatic recruitment and excursion with positioning
and verbal cues alone, so manual facilitation techniques were added.

Several techniques were used, but the one that produced the
greatest consstency, reproducibility, and appropriate timing of activ-
ity in the diaphragm was the “diaphragm scoop” technigue, which is
an indirect fadlitation technique to the diaphragm’s central tendon

Contiried
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CASE STUDY-cont'd

area,” This technique provided specific quick stretch input to the
central tendon of the diaphragm via the patient’s abdominal viscera
at the end of the expiratory cycle in an effort 1o recruit the central
tendon as the initiator of the next inspiratory effort. Continued
manual cueing was provided throughout the entire inspiratory phase
to facilitate greater inferior excursion of the diaphragm. An emphasis
was placed on initiating inspiration with an “easy, show onset” to
avoid recruitment of the upper accessory muscles and an overpower-
ing of his intercostal muscles (paradoodcal breathing). Once the
patient could consistently succeed in recruiting his diaphragm m
sidehying, b was challenged by decreasing manual inpul and increas-
ing postural demands by using positions such as sitting and standing.
At this point Jonathan was instructed to practice this technique using
wisualization at home just before sleeping to take advantage of a
relaged state. Evertually, he was trained to use the diaphragm
breathing technigue in sports & well as static postural holds. Auwdi-
tory cues for the rate, iythm, and depth of inspiration were included
in all breathing retraining technigues. Objective measures of his
success were taken with assessment of chest wall excursion
{mﬂ_uuls

Jonathan demonstrated poor recruitment of his external intercos-
tal muscles, which are needed to stabilize the chest wall during
inspiration to prevent paradoxical breathing and the potential devel-
oprent of a pectus excavatum secondary to this inward force™
Jonathan demonsirated this paradoxical chest wall movement even
at rest in his mid-rib cage. Thus, weak intercostals could be, in part,
responsible for the development of his pectus. | wsed manual facilita-
tion techniques with (1) upper extremity flexion, abduction, and
external rotation activiies (D) diagonals from proprioceptive neuro-
muscular facilitation (PNF® combmed with (2) thoraoc extension
and ratation; intentionally paired with (3) large inspiratory efforts, to
utilize optimal length-tension relationships and function of the exter-
nal imtercostals; and (4) a maximal inspiratory effort followed by a

Hame exercise program. Prone on elbows This is cne
actwity that lonathan did at home 1o promate intercostal muscle
activation and strengthenang as well a5 ta promote spinal axial mta-
tion and chest wall expansion.

peak inspiratory hold to increase positive outward pressure on the
anterior chest wall (Figure 25-8). Jonathan was instructed to visually
follow his arm motions to madmize the trunk retation because tho-
racic rotation produces greater intercostal muscle recruitment than
straight plane motions.™* Jonathan was instructed to continue the
exercises at home once he could demonstrate the proger recruitment
patiern.

Another chest wall exercise was added. Jonathan was positioned
suping lying on a vertical thoracic towel rall to maximize his thoracic
spine extension and to stabilize the costatransverse junchions (junc-
tion of the ribs 1o the transverse process of the thoradc spine). Jona-
than was then imstructed to externally rotate his shoubders while
pinching his shoulder bades back to the towel roll to maximize
anterior chest expansion by recrusting the extemal intercostals and
the pedoralis muscle {using the pectorals muscles lo act as a chest
wall expander rather than an upper extremity adductor). The posi-
tion also stretched his meck flexors, Dunng this activity, he was
nstructed to take in a deep breath and hold it during a PNF hold-
relax technigue to mammize the response from his scapular retrac-
tors.™ This provided maximal positive pressure from within his chest
canity, which provided a significant counterforce to the pectus, thus
ifting his anterior chest*™ This concept can be achieved indepen-
dently by substiluting a resistive band instead of the therapist's
hamds (Figure 25-9)

Jonathan's abdominal muscles were often recruited concentrically
for exhalation. To retrain the abdominak for quiet breathing, lona-
than was given eccentric trunk exercses to be done during his
warm-up fior soccer where he had a history of asthma exacerbations.
He was instructed fo pair eccentric exhalation (quiet speech) with
eccentric trunk movements to reinforce the natural coupling of
breathing and postural control responses™ For example, during
knee lunge exercises, Jonathan would count out loud while going inta
a controlled lunge (eccentric task) and then purposely inhale as he
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CASE STUDY—cont'd

came back up to stance, Jonathan would adapt this concept to the
vanaty of spCcer warm up exendses.

Lastly, Jonathan was instructed in specific recruitment of internal
intercesiats and oblique abdominal musdes as the primary stabilizers
of the inferior rib cage to (1) decrease the rib flare deformity, (2)
improve midtrunk stabilization to offer the diaphragm better mechan-
ical support, (3) reduce his overdependence on the reclus muscle for
stabilization, which again reinforced the development of the pectus,
and (4) provide stability of the rib cage during activation of the SCM
musdles to prevent the chest from being lifted toward the head when
Jonathan's intended movement was to bring his head to the chest.
Once again, a PNF D2 upper extremity pattern was used.® This ime,
the patient was positioned supine with his arm positioned in flexion,
abduction, and external rotation while lying over a vertical towel rod,
The patient’s arm was stabilized distally. The patient was asked to “iry
to [t his arm up in the diagonal pattern™ but was not allowed any
movement. The result was a strong sometric contraction of the
midtrunk muscles (oblique and transverse abdomanis and internal
intercostals), which are required for stabilization of the trunk before
the distal extrematy could be moved off the ground. This allowed him
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M Home exercie program. Supine over a vertical towel
roll, A, This exercise is a variation of the one used for Jonathan in

the dinic_ It & used to incease tharacc extension and ta elevate the
antenaor rib cage. Resistance is applied to trunk extension, b cage
expansion, and shoulder external rotation via a resistive band swch
a5 Thera-Band as the patient pulls the band dowmward toward the
floor. B, In lonathan's case, resistance was applied via the therapist's
hands in the dinic (demonstrated here with a female, nat with
Jonathan).

to perform small concentric contractions of his internal intercostals
and extemnal obliques withowt being overpowered by the rectus.
When the patient successfully demonstrated consistency in recruiting
these muscles, which was observed by a flattening of the rib flares
during the active contractions of the intercostals and obliques, he was
instructed to carry over the training independently with higher level
postures and bonger periods of dynamic stabilizations such as holding
i trurk while continuing 1o breathe through longer segments of
activities like running.

To improve recruitment of thoracic paraspinal muscles, rather
than primarily lumbar extensors (o decrease kyphotic forces), bona-
than was instructed in (1) full upper extremity swings in standing
during soccer warm-up routine, (2) coardinating slow inhalation with
shoulder abduction and scapular adduction, and (3} coordinating
eccentric exhalation {counting out loud) when he returned his arms
down to his side. He was nstructed to focus on recruiting diaphragm
and intercostal muscles during inhalation (which should recruit more
thoracic extensors) and to concentrate on controlling the eccentric
component of the arm and trunk muscles during exhalation. If
Jonathan was my new patient today, | would include more specific

Cortiruwed
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TABLE 258 Chest Wall Excursion (CWE) in Sitting and Supine Positions

Reexamination 4 Years

Tidal Volume Sitting (Quiet Spontancous Breathing)  Initial Date  Discharge Date 11 Months Later  after Discharge
Upper chest {level of 3rd rib) upper accessory muscles K" " -
Mid chest (level of xiphoid) intercostals i 4 -
Lower chest (half the distance from xiphoid process to ' K -
navel) lower infercostals and diaphragm

Reexamination 4 Years

Tidal Volume Supine (Quiet Spontaneous Breathing) Initial Date Discharge Date 11 Months Later  after Discharge
Upper chest {level of 3rd rib) upper accessory musches K" " I
Mid chest (level of xiphoid) intercostals (i X i
Lower chest (half the distance from xiphoid process to A-N" H" i

navel) bower intercostals and diaphragm

Mlote that, in siting, improvements were noged in mid and lower chest espansion, Mo 4-ear folow-up measurements
In suparie, all beeds increased by discharge, but &l the 4epear Tollow-up examnation, the gams in the mid and upger chest had dsappeared. Only the lower

chest exparsion continued 1o show similar levels 1o the discharge values,

traming for the ransverse abdomanis which has been shown Lo be
associated with diaphragmatic movements =2

Nevromuscular Quicomes

lonathan now demonstrated an effective balance between fthe
primary respiratory muscles (diaphragm, intercostals, and abdomi-
nalsy during volitional and spontanecus breathing in both quiet
breathing and maximal inspiratory maneuvers in multiple postures
and adtivities. Paradoeacal movement of the chest wall was no longer
noted (improved fundional strength of intercostal muscles). Mo func-
tional thoracic kyphosis was noted during quiet stance or during
adive recruitment of trunk extensors, Quiet breathing now demon-
strated a normal recruitment pattern: (1) initiation of inhalation with
the diaphragm and simultaneous chest wall movement, (2) easy
inspiratory onset, no apparent efort (low work of breathing, low
negative inspiratory force which reduces pectus forces), and (3)
smoath continuous movements throughout the inspiratory oycle.
Objectively, this was seen with (1) significant increases in mid-chest
wall excursion measurements (intercostal recruitment) during quiset
breathing (tidal volume) in both supine and standing (Table 25-8), (2)
a respiratory rate that decreased fram 20 to 11 breaths/minute, and
{3) phonation support in syllables/breath that increased by 28% (see
Table 25-7). Miditrunk stabdization showed marked improvement in
strength of oblique abdominal musdes, right still stronger than left
Fosturally, this was noted by the minimization of his nib flares and
appropriate timing recruitment of the abdominals during trunk stabs-
lization activities both in therapy and, as reported by the patient,
during sports activities, Functionally, Jonathan reported that he could
now run the mile at school without excessive dyspnea or asthmatic
symploms.

Jonathan needed maximal sensery and modor inpul to change his
motor strategies fior resparation. Verbal cues alone did not produce
satisfactory results, Manwal, visual, auditory, and positional input in
each activity was spedfically applied to assist lonathan in developing
new molor plans to improve breathing efficency and appropriate
skedetal forces that promaoted normal development of his rib cage and
spine,

Integumentary Interventions: None needed,

Functional Dulcomes and Quality of Life lssies

Following his physical therapy program, Jonathan and his mather
noted important funchional improvements (Table 25-9). He made
the travel soccer team and could play four consecutve games
without EIA attacks. His last EWA episode ocourred 2 months after
starting physical therapy. Before physical therapy, he had an EIA
episade almost every time he played soccer. At discharge, he could
also run the mile in gym cass at school without EIA or excessive
dyspnea.

He did nat miss amy days of school for EIA after initiating physical
therapy. His mother said that before the physical therapy program,
“he would miss 5 10 8 days a year because of sickmess related to E1A,
but those sick days don't take into account the weekends, holidays,
and summer days that Jonathan was incapacitated with asthma-
related problems.” He had two severe EIA episodes before physical
therapy that resulted in emergency room (ER) visits. During his physi-
cal therapy interval, he did not have any ER visits.

His mather said that in addition to making it possible for him to
rejoin his dassmates in regular physical activity such as soccer and
baseball, following the year of physical therapy Jonathan began to go
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E;SE STUDY—cont'd

TAELE 25-2  Functional Outcomes

Complete the “mile test” in gym class Mg
Average number of days absent fram 5to @
school due te asthma-related complications
Ernergency room visits 2
Hospitalizations 0
Daily asthma medications Yes

Discharge Date 11 Reexamination 4 Years
Functional Oulcomes Initial Date Months Later after Discharge
EWA attacks or symptoms duning sports Frequent Mome Mone
activities

Length of participation in a sporling activity 5 to W minutes before EIA Full participation: up to Full participation: plays
syrptoms forced him to stop  four soccer games per day  baseball in high school

Yes Yes
[} 0
[/} 1
[} i}
Mo Mo

Mote that Jonathan's greatest improvemerts are in actiity and health gans,

swimming again. He had all bul given up swimming the year before
because of “his deformed chest” and the derogatory comments that
were directed at him by other children,

When asked for a general statement about how the physical
therapy program affected her son's quality of fe, lonathan's mom
said: "It was a miracle. Before we began to see you, Jonathan and |
had to focus on his medical condition rather than focusing on being
a kid, It completely changed his lfe.” Jonathan and his mather no
longer saw him as “disabled™ by his pulmonary disease.

Discussion

lonathan was seen for eight visits aver 11 manths. The family's moti-

vation to fallow through diligently on home programs, and the child's

excellent ability to learn mew motor strategies, resulled in a minimal
number of visits to accomplish the goals of treatment. Under different

arcumstances, achieving the procedural intervention goals in a

similar case may take longer or goals may be less attainable.

The results of this particular case were marked, but not unrepeat-
able. Jonathan's physical therapy program was developed from a
multisystem perspective to develop better “external support” for his
“iternal” asthma, | believe the keys to his success were threefold:
1. A team approach to his condifion: recogniion by his pulmonalo-

gist that his functional limitations were more severe than his
medical condition alone indicated, her belief that physical infer-
ventions are an integral part of effective management of pulmo-
nary diseases, and her belief that a surgical intervention for his
pectus should be the last, not his first, option.

2. A detailed physical therapy examination that focused on identify-
ing the underlying impairments autside of his *asthma and the
pectus diagnoses alone,” examining both medical and physical
impairrnents to determine which system(s) could account for the
severtty of his functional limitations,
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3. A spedlic intervention program largeled o reverse oF minimioe
those impairments with a major emphasis on the patient's respon-
sibility in the program (education), and on applying new strategies
directly into his daily life (funchional).

Although il i possble that his changes were due to maturation,
it is unlikely according to his mother, who noted that all of his
improvements came after the initiation of physical therapy compared
to the previous school year without physical therapy,

Following physcal therapy, lonathan's pulmonary symptoms
wient into complete remission, which neither this author nor his pul-
monologst had anticpated. Physical therapy does not "cure” asthma.
Could it be that the ELA diagnasis was nat complately accurate? Jona-
than had all the symptoms of ELA, but his PFTs did not confirm the
diagnosis. Recently, doctors have begun to explore other possible
explanations for EIA symptoms that do not fit the dassic picture of
asthma, such as wocal fodd dysfunction or supraesophageal manifes-
tations of GERD, which present with similar symptoms: high sensitiv-
ity to fast inspiratory flow rates, a lack of typical asthmatic responses
on PFTs, and a lack of significant improvement with asthma medica-
fions. Because of Jonathan's dramatic improvement with physical
interventions, his pulmonologist is now reconsidering his ariginal
diagnosis.

The tests and measures used in this case have varied levels of
reliability and validity. The medical tests, such as PFTs and respira-
tory rates, have long-established reliability and validity.*™ Tests
for the physical impairments are not as well established. Tests for
phonation length were established in the speech therapy field™
Inter- and intratester relizbility for chest wall excursion (CWE) mea-
surements have been established, but normative standards were
not found to be predictable by age and sex The patient served as
his own control ™% Lateral trunk flesion and the pectus volume
measurement have not been validated by research.

Cnricieed
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CASE STUDY-cont'd

Four-Year Follow-up at Age 13 Years

Jonathan participated in physical therapy for 1 year. Four years after
discharge (5 years after initiating physical therapy), lonathan was
contacted, mterviewed, and reexamined 1o assess the long-term
efiects of this program on his pathology (asthma), his impairments,
activity limitations, and participation. Jonathan was 14 years old and
a freshman in high school (Figures 25-10, 25-11, and 25-12).
Medical Update

Ay examination by his pulmonclogist showed no lmitations noted in
PFT volumes or flow rates. He was also revaluated by his cardiologist
who diagnosed an asymptomatic mitral valve prolapse, which is not
uncommon with a pectus excavatum.* Mo cardiac intervention was
niseded. He had had only one respiratory episode in the last 5 years:
a croup-type virus that resulted in a severe bronchitis and his only
trip to the emergency department, He did not have any EIA episodes
during the 4-year interval. He did not use daily asthma medication.
He did, however, report use of his bronchodiator prophylactically
when he had a cold, "just in case.”

Test and Measures

See Tables 25-6, 25-7, and 25-8 for resulfs of the tests,

Finctional Outcomes and Quality of Life Update

See Table 25-9 for Jonathan's functional outcomes.

Jonathan received a "perfect atiendance award™ in eighth grade,
which his mother commented was a complete reversal of his school
years before physical therapy. Endurance is no longer a limitation
according to both Jonathan and his mather.

Jonathan's mother reported that he continues to gain confidence
both socially and athletically following the physical therapy interven-
tion. She no longer sees any signs of self-consaousness regarding his

i

chest wall deformity. This may be a result of maturation, but she
thought it was worth noting because it changed so significantly during
and following the intervention period.

Even with 4 to 5 years' reflection since the onset of physical
therapy, Jonathan's mather still says that the physical, medical, and
emational benefits to her son wers incredible, She said that they kept
up the home exercises for approximately 4 months after his discharge
from physacal therapy, but slowly drifted away from them, which may
explain some of the minor loss of chest wall mobility upon reexamina-
tion. Jonathan did keep using the strategies that be learmed in physical
therapy sich as maitaining adequate hydrabion levels and proper
warm-up before exercise.

Impression

Jonathan has mamtaned his pulmonary health since discharge 4
years ago with no apparent signs of ELA o its impairments, especially
as it affected his endurance and participation in activities and his
overall health, At this point, it appears that his asthma or other undi-
agnosed pulmonary disease is resolved or benign, His spinal align-
ment is now completely normal, avoiding what appeared to be the
likely deselopment of a true thoracic kyphosis. His chest wall deforma-
ties are still mimamally present and more localized, less noticeable,
and do not cause any activity limitations. Recent medical tests also
shiow that his chest wall deformities do not have any measurable
impact on his cardiac or pubmonary function. His remarkable gains
in individual ik cage mobality from the inttial visit to discharge (lateral
side bending test) have been nearly retained. lonathan and his
mother stated that they wished they had continued with periodic
physical therapy rechecks to maintain all the gains he made during
that first year.

m Comparison of pectus excavatum and postusal alignments. A, Jonathan at 6 years old, B, Jonathan at 10 years old. €, Janathan
at 14 years obd. By age 14, lonathan’s pectus has bacome narrewer and more lacalized. Shoulders are less protracted, resulting in a mane newtral
resting position, His trapezius is less elevated, and although no ik flare is noted in either standing posture, adequate abdominal stabdlity is mone

apparent &t age 14,
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Comparisan of sitting postures. A, Typical sitting pasture in school per his mather: age 9 and younger. This is  reenactment
picture taken at age 10. Janathan was oo embarassed 1o have his picture takan of hs "deformed chest” when he was initially evaluated at
age 9. Mote slouched postere tfunctional kyphasis) with midtrunk fold, pectus, elevated stemnal angle. By age 10, patient no longer regularly
postured himsalf like this in sitting. B, lonathan at 14 years old. When asked to shouch in sitting, the midtrunk fold and kyphosis are barely
noticeable. Prominent stemal angle Is stll noticeable. €, Straight siming posture at age 14 years old. Mete normal back posture. Mild pecius and
mild rib flare still present at base of sternum,

Comparson of supmne postures. A, Discharge picture at 2ge 10. Pecius was reduced almost in half from 34 to 18 mL H;0 dis-
placement measurement diing the 11 months of physical therapy, Lower rib flares functionally integrated with abdominal miscles, Neck musdes
mare elongated. Slight shoulder pratraction still noted. B, Four years later at age 14. Pactus slightly deeper, but narrower (volume unchanged
from discharge at 17 mL). Rib flares more presminent than at discharge. Patient stated that he stopged doing his trunk exencses about 4 months
after discharge becauss he was doing so well, Neck muscles more elongated. Shoulders |ess protracted.

I believe Jonathan's physical therapy program worked so well
because it was tailored to address his spedfic EWA pattern and chest
wiall deformities from a multisystem perspective and induded educa-
tional, medical, psychologic, and physical perspectives. Interventions
by physical therapists can have a tremendous positive impact on the
impairments, activity limitations, and resultant disabilities that occur
as a resulf of a primary pulmaonary pathology, especially in a maturing
system, [f the patient cannot breathe efficiently and effectvely, then
that patient cannol funcion at his of ber highest bevel. The concepls

presented here for Jonathan can certainly be adapted to infants and
toddlers as well as older children. The key is to develop a program
that keeps the patient, his family, and his resources in mind while
developing a targeted intervention strategy.™=

Following the reexamination, Jonathan's home program was
updated and reinitiated with an emphasic on maintaining his
musouloskeletal alignment and trunk control. | recommended quar-
terly chedk-ups throughout puberty to modify the program as
neceasary.
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