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and rocker light switches, make open-
ing doors, turning on water, and 
lighting a room easier for people of 
every age and ability.

There are many other universal de-
sign features and products that many 
people put into their homes, including:
•  �Raised front-loading clothes washers, 

dryers, and dishwashers
•  �Side-by-side refrigerators
•  �Easy-access kitchen storage (adjust-

able-height cupboards with lazy Su-
sans)

•  �Low or no-threshold stall showers 
with built-in benches or seats

•  �Nonslip floors, bathtubs, and showers
•  �Raised, comfort-level toilets
•  �Multi-level kitchen countertops with 

open space underneath, so the cook 
can work while seated

•  �Windows that require minimal effort 
to open and close

•  �A covered entryway to protect you 
and your visitors from rain and snow

•  �Task lighting directed to specific sur-
faces or areas

•  �Easy-to-grasp D-shaped cabinet pulls

Vancouver has made some giant steps 
here. When will we follow suit? 
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As I listened 
to my radio on 
the way into 
work, I heard 
that Vancouver, 
British Colum-
bia, Canada 
had banned 
doorknobs. Say 

what? Yes, that everyday tool that has 
been in existence since people needed 
doors is now going the way of the rotary 
phone. So this is what is next? Remem-
ber the regular toilet? Try to find one. 
Low-flush, low water consumption is all 
there is to be had in the United States. 
Looking for an incandescent light bulb? 
Sorry, just energy-saving fluorescent or 
LED now in most stores. Is this an 
example of government control gone 
completely haywire? Thankfully no, 
Vancouver’s ban on doorknobs for all 
new construction is based around the 
city’s adoption of the concept of univer-
sal design. Door levers, not knobs will 
be required for all new buildings private 
and commercial. If you are not in step 
here, chances are the difference between 
the two probably seems cosmetic. But 
the concept behind Vancouver’s ban is 
simple, and makes perfect sense because 
door levers are easier to open for older 
adults, people with injuries, or peo-
ple with disabilities. According to the 
American Center for Independence of 
Individuals with Disabilities,1 rounded 
doorknobs are a potential barrier of 
entry for people with disabilities or dex-
terity issues.

In addition, the same new law that 
banned knobs also introduced construc-
tion restrictions that forces new build-
ings to have lower light switches, wider 
hallways, and adaptable showers. These 
local restrictions are made possible be-
cause the Canadian city is the only one 
in the country with the ability to set its 
own building codes. And, as doorknobs 
go, so too will go those other ubiquitous 

President’s MESSAGE: THE DOORKNOB IS BANNED?
William H. Staples, PT, DHS, DPT, GCS, CEEAA

knobs, the ones that turn on and off 
water faucets. For they too are being leg-
islatively upgraded to levers as well to be 
more conducive to the arthritic or weak-
ened hands we earn with age or disease. 

Universal design has begun to make 
its way to the mainstream. Universal 
design involves designing products and 
spaces so that they can be used by the 
widest range of people possible. Univer-
sal design is a process that addresses the 
needs of people with disabilities to allow 
access and function. The AARP2 website 
lists many other universal design adapta-
tions that many of us are already knowl-
edgeable about, especially if you practice 
in the home health arena. For those of 
you are unfamiliar here is their list.

Essential Universal Design features 
include:
•  �No-step entry: At least one step-

free entrance into your home either 
through the front, back, or garage 
door that lets everyone, even those 
who use a wheelchair, enter the home 
easily and safely.

•  �Single-floor living: Having a bed-
room, kitchen, full bathroom with 
plenty of maneuvering room, and an 
entertainment area on the same floor 
makes life convenient for all families.

•  �Wide doorways and hallways: With 
your home’s doorways at least 36 
inches wide, you can easily move 
large pieces of furniture or appliances 
through your home. Similarly, hall-
ways that are 42 inches wide and free 
of hazards or steps let everyone and 
everything move in, out, and around 
easily.

•  �Reachable controls and switches: Any-
one that even a person in a wheelchair 
can reach light switches that are from 
42-48 inches above the floor, ther-
mostats no higher than 48 inches off 
the floor, and electrical outlets 18-24 
inches off the floor.

•  �Easy-to-use handles and switches: 
Lever-style door handles and faucets, 
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any changes in the types of patients you 
are seeing without a direct referral? For 
those of you who participated in some 
kind of activity during National PT 
Month and/or Falls Awareness Month, 
what kinds of things did you do? For all 
in the Section, would you be willing to 
share ideas for activities that can benefit 
our profession and the geriatric patients 
we serve? 

In short, I want to reach out to our 
members as our previous Editor did so 
well and continue the good works of 
this publication. Please let me know if 
you have ideas to share, ideas for focus 
issues, or any information that can im-
prove GeriNotes. In this, my first issue, 
I have learned a lot. Thanks to everyone 
who helped me with content for this 
issue. I hope you find it interesting and 
that you are able to use some of this in-
formation to improve your practice and 
professional skills. Change is not always 
easy, and I have much to learn. But, with 
great people to help, I am hopeful that I 
can succeed in my efforts to help Geri-
Notes meet the needs of our members 
as it has done so well in the past. I look 
forward to the challenge and hope that 
our members will communicate often 
with questions, submissions, and ideas 
for improvement. 

Hello Ge-
riatric Section 
Members and 
GeriNotes Read-
ers,

As the new 
Editor for Geri-
Notes, I am 
pleased to intro-

duce myself. First and foremost, I am a 
clinician. Although much of my time is 
now spent in academia, I am a clinician 
at heart. I continue to work as a clini-
cian weekends and holidays and truly 
enjoy my work. So, as a busy academic, 
responsible for teaching, scholarship and 
service, how do I find time to serve as 
GeriNotes Editor? Well, I may put in 
some late nights. But, I hope to con-
tinue with the fine work of others. A big 
thanks goes to Melanie Sponholz, previ-
ous Editor. She has done a wonderful 
job assisting me in the transition. Also, 
thanks to the Geriatric Section Board 
and the GeriNotes Editorial Board for 
providing me with assistance and guid-
ance in this task. 

Now, let me share my vision for 
GeriNotes. I would like to continue to 
offer the opportunity to write about 
practice issues important to our mem-
bers. I would like to continue to pro-
mote student publications and want 
to contact academic institutions and 
attempt to demonstrate how GeriNotes 
might be one avenue for students to 
actually see their work published. This 
particular issue has several student ar-
ticles and I thank these students as 
well as their faculty mentor, Jennifer 
Bottomley. Interestingly, this issue also 
has an article from a former student at 
Grand Valley State University mentored 
by faculty member,  Michael Shoemaker 
regarding the importance of interprofes-
sional practice. One of the other articles 
was written by an Occupational Thera-
pist. Articles regarding the values and 
challenges of interprofessional practice 
are highly encouraged as this type of 
cooperation may well provide our pa-

EditOR'S MESSAGE: CHANGE iS A CHALLENGE
Meri Goehring, PT, PhD, GCS

tients with optimal care. Additionally, 
I would like to see more participation 
from our physical therapist assistant 
partners. Having begun my academic 
career in a physical therapist assistant 
program, I believe the PT-PTA partner-
ship to be mutually beneficial to the 
health of our patients. I think our PTAs 
have much to offer and would ask our 
PTA members to consider submission 
of articles to GeriNotes. I would love to 
hear more from our PTA members who 
have achieved recognition of advanced 
proficiency in geriatrics. This kind of 
information would help to encourage 
other PTAs to become recognized spe-
cialists and better promote the physical 
therapist assistant’s skills. It would be 
wonderful to hear from our members 
who have taken the Certified Exercise 
Expert for Aging Adults course. How 
has this benefited your patients? Have 
you had any difficulty incorporating 
what you learned into clinical practice? 
I would also appreciate hearing from 
those members who have chosen to 
further their education by receiving a 
transitional DPT degree. How has this 
education helped you in your career? 
How has the transitional DPT been of 
benefit to your patients? For those of 
you in direct access states, have you seen 
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ognized within the health care system.  
This failure to meet the needs of our 
patients is a pride-cutting realization 
to all clinicians.  In response to the 
Institute of Medicine’s seminal state-
ment, the Interprofessional Education 
and Collaboration Movement was de-
veloped among academic universities 
and clinical partners across the nation.  
Interprofessional Education (IPE) is de-
fined as “occasions when two or more 
professions learn with, from, and about 
each other to improve collaboration and 
quality of care.”2,3  With IPE, each dis-
cipline begins to take responsibility for 
these alarming statistics by requiring and 
encouraging health professions students 
to take part in interprofessional learning 
activities.  Interprofessional Education 
teaches students that it is essential for 
health care professionals to practice to 
the full extent of their scopes of practice 
in a collaborative, patient-centered team, 
which requires all disciplines to under-
stand the roles, job requirements, and 
scopes of practice of the other. 

Although patients across the lifespan 
may benefit from effective interprofes-
sional practice, the focus should be 
on the geriatric population, as they 
are not only the patients who have 
historically been most affected by mis-
communication and poor collaboration 
among health care professionals, but 
they also represent the greatest propor-
tion of health care expenditures.  Many 
factors that contribute to patient care 
errors and deaths have been identified. 
Of these factors, miscommunication and 
poor collaboration among professionals 
are common and can only be addressed 
through interprofessional practice.  In-
ouye et al4 state, “Intervention for geri-
atric syndromes requires human capital, 
rather than simply a new drug or tech-
nology.”  It is through interprofessional 
practice that patients with geriatric syn-
dromes will have better outcomes, low-

“Extremis malis extrema remedia: 
extreme remedies for extreme ills.”  This 
Latin proverb carries an entirely new 
meaning to Americans, as the largest 
recession of the 21st century stares every 
socioeconomic class in the face.  The 
expense of health care has significantly 
contributed to the United States’ debt 
crisis.  Health care reform is therefore 
crucial to our nation’s economic recov-
ery and fiscal stability.  We spend the 
greatest amount of our gross domestic 
product in the world on health care, but 
attain no better than modest outcomes 
in nearly all key measures of health.  It 
is in this context that the United States 
embarked upon an effort to reduce 
cost, improve access, and improve qual-
ity.  Although implementation of some 
provisions in the Patient Protection and 
Affordable Care Act (PPACA) have been 
delayed, there are a variety of other solu-
tions to help ensure that Americans have 
access to quality, affordable health care.  
However, such solutions are only found 
by first understanding the nature and 
cause of the problem, and then having 
the knowledge and courage to change.  
In terms of health care, the problem 
can no longer be viewed as the result of 
patients with chronic conditions con-
suming health care dollars, but rather as 
the lack of adequate and efficient care 
from current health care practitioners.  
This less-than-adequate and efficient 
care is the factor that drives patients 
into frequent hospital readmission, and 
hinders effective long-term management 
of chronic conditions. 

Responsibility for the positive pro-
gression or the negative decline of a pa-
tient’s health status needs to be reevalu-
ated.  Blame is frequently placed upon 
the disease itself, patient compliance, or 
third party payer regulations and limita-
tions, but clinicians are now beginning 
to look within and see that their own 
medical or rehabilitative interventions 

HEALTH REFORM AND THE GERIATRIC SYNDROMES: 
A CALL FOR INTERPROFESSIONAL PRACTICE

Kelly N. Poppaw, PT, DPT; Michael J. Shoemaker, PT, DPT, PhD, GCS

share responsibility for these poor clini-
cal and financial outcomes. 

The intersection of the unmet needs 
of the frail elderly and health care reform 
efforts requires interprofessional prac-
tice.  A true transformation of health 
care delivery that embraces interpro-
fessional practice will require a rapid 
infusion of new graduates prepared for 
practice under this new model.  This will 
require students to be trained as inter-
professional practitioners by pioneering 
clinicians.  This paper applauds the new 
American Physical Therapy Association 
Vision Statement’s Guiding Principle 
of collaboration, and serves as a call for 
competent and courageous health care 
professionals to be champions of inter-
professional practice.

It is through interprofes-
sional practice that patients 
with geriatric syndromes 
will have better outcomes, 
lower hospital or clinic  
readmissions, and lower  
total costs.

The 2003 Institute of Medicine Re-
port1 found that an increased number 
of unnecessary patient care errors and 
patient deaths were directly linked to 
miscommunication and poor collabo-
ration among health care disciplines.  
Greiner and Knebel1 state, “Errors led 
to tens of thousands of Americans dying 
each year, and hundreds of thousands 
suffering or becoming sick as a result 
of nonfatal injuries.  Other studies have 
documented pervasive overuse, misuse, 
and underuse of services.”  It is appar-
ent that despite our nation’s substantial 
health care expenditures, critical needs 
of patients have gone unmet and unrec-
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er hospital or clinic readmissions, and 
lower total costs.  Inouye et al4 define 
a geriatric syndrome as “multifactorial 
health conditions that occur when the 
accumulated effects of impairments in 
multiple systems render [an older] per-
son vulnerable to situational challenges.”  
By focusing assessment and treatment 
on one or two syndromes, instead of 
focusing on multiple contributing di-
agnoses, clinicians may juggle several 
systems that are involved in the patient’s 
presenting condition.  In addition, plan-
ning treatment and interventions based 
specifically on geriatric syndromes may 
help the clinician to view the broader, 
more holistic picture of the patient to 
guide decision making. 

The most common geriatric syn-
dromes include pressure ulcers, incon-
tinence, falls, functional decline, and 
delirium.  Falls and delirium hold the 
highest number of occurrences, between 
30% and 40% and 14% and 56% of 
patients, respectively.4  Delirium is un-
identified in 66% to 70% of patients 
and then recorded in paper or electronic 
medical documentation in only 3% of 
patients.4  According to Inouye et al,4 

“falls are the leading cause of uninten-
tional injury, which ranks as the sixth 
leading cause of death in older people.  In 
addition, falls lead to functional decline, 
hospitalization, institutionalization, and 
higher health care costs.”  Although 
research on fall prevention interventions 
has demonstrated to result in better, 
cost-effective outcomes (up to 30% re-
duction), the majority of clinicians still 
do not implement fall prevention into 
patient care.4  Furthermore, a shortage 
has been noted in the number of phy-
sicians and nurses, who are both key 
clinicians in patient care.  In this case, 
team work and collaboration among a 
larger primary care team that includes 
physical therapists and physical therapist 
assistants may be the only option to 
better address geriatric syndromes.  Our 
nation’s elderly are in desperate need of 
competent, interprofessional teams that 
are able to more globally meet the needs 
of an increasingly frail population.

Previous models of health reform 
such as “managed care” were based on 
the opinion, clinical skills, and autho-
rization of one clinician: the primary 
care physician.  Outcome measures were 

based solely upon physician financial 
performance.  The physician was the 
“gate keeper” of a patient’s health care, 
meaning that all decisions for services 
provided by other disciplines were made 
by this primary care clinician.  Al-
though these physician-centered, Health 
Maintenance Organizations (HMOs) 
controlled costs, they also left patients 
with multisystem impairments hope-
less.  Coleman5 states, “Persons whose 
conditions necessitate complex, continu-
ous management frequently require care 
from different health professionals in 
multiple settings.” Coleman5 provides 
an example:

A frail older person who sus-
tains a hip fracture may require 
treatment from a diverse range 
of care professionals in a variety 
of settings, including  an or-
thopedic surgeon, a hospitalist, 
hospital nurses, and a hospital 
physical therapist in an acute 
hospital; a skilled nursing facil-
ity (SNF) physician, SNF nurs-
es, and a SNF physical therapist 
in a SNF; home care nurses, 
home care physical therapists, 
and home care occupational 
therapists for care delivered in 
the home, and a primary care 
physician and nurse in the pri-
mary care setting.

Coleman5 continues, “…a success-
ful “handoff” of care between profes-
sionals in each setting is critical to 
achieving optimal outcomes for this 
patient population.”  This description 
of transitional care is necessary, but 
readmission statistics show that these 
well-handled transfers of patients are not 
consistently performed. “…studies of 
transfers from SNFs back to acute care 
hospitals estimate that 19% of patients 
are transferred back within 30 days and 
as many as 42% within 24 months.”5-7  

If poor transitional care characterized by 
poor communication among disciplines 
occurs in settings that have long relied 
upon multiple disciplines, it is likely that 
poor communication and collaboration 
among disciplines is an even greater 
problem among outpatient, ambulatory 
care practitioners.  Primary care physi-
cians are highly educated, well-respect-

ed, and needed to facilitate the best 
health care for patients.  However, elder-
ly patients with geriatric syndromes in-
herently require the coordination among 
the disciplines best suited to address the 
patients’ problems, and in the most cost 
effective way.  In this case, a new era of 
patient-centered care and a new medical 
home can be established. 

Asking clinicians to change the way 
they provide care creates tension, anxi-
ety, and fear, and requires clinicians to 
actively seek out and embrace the con-
tributions made by all members of the 
team.  We must prepare for a new era of 
patient-centered care, combine our clini-
cal forces, and attack the multisystem 
impairments of elderly patients together.

As a nation we have become anxious 
and apprehensive about the idea of re-
forming our entire health care system.  
Our minds are soiled with the burdens 
of a national recession.  Our bodies are 
exhausted from lack of employment 
(physiology proves that lack of motion 
in it itself contributes to weakness).  As 
health care professionals we can under-
stand that fear is a natural yet stressful 
human response to change.  So possibly, 
fear of the unknown lends a behavioral 
explanation for the delayed implementa-
tion of interdisciplinary collaboration in 
the health care field.  Although opinions 
about the PPACA vary greatly, we all still 
have an opportunity to reform that way 
in which we approach the care of the 
elderly.  Students of health professions 
have dreamed and envisioned.  They 
have educated themselves.  Students 
do not only believe in the possibility of 
interprofessional practice, more impor-
tantly, they expect it.
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The mean US life expectancy in 
2010 is 78.24 years old up from 2000 
at 76.74 years old.1 The mean age is in-
creasing for several reasons. One reason 
for the increase is the advance in treat-
ment of many of the diseases of aging.2 
One of the advances is medication man-
agement. Per Geriatric Rehabilitation: 
A Clinical Approach, 3rd ed., individuals 
over 65 years old use more than 30% of 
all the prescriptions drugs prescribed in 
a year.3  Statistics vary in the number of 
medications the elderly take on a daily 
basis ranging from 5 to 7 for outpatients 
and up to 16 for in-patients.2,4-6 Poly-
pharmacy has many different definitions 
based on who is defining the term. An 
old definition was, “the use of 2 (to 5) 
or more drugs.”3  A newer definition 
is “the use of a medication for which 
no clear indication exists.”3 Yet another 
definition is “the use of more than three 
drugs that have the potential to cause 
drug interactions and side effects.”2 An-
other definition provided by Dr Jennifer 
Bottomley is when an individual takes 
more than one medication for the same 
purposes (for example 2 medications for 
high blood pressure).7 She further states 
that the use of multiple medications is 
more clearly defined as multipharmacy,7 

which is what many of our elderly are 
experiencing.

“Why are our elderly taking so many 
medications?” is the question that is eas-
ily answered. Age.  As individuals age, 
they are more likely to develop diseases 
involving the cardiac, pulmonary, skel-
etal, and neurological system. Heart dis-
ease is the number one cause of death in 
the United States with diabetes, stroke, 
and chronic obstructive pulmonary dis-
order included in the top 5 causes of 
death.7 Additionally, Alzheimer disease 
becomes more age related with increas-
ing rates to 50% of those over 85 years 
old.7 The rates for antidepressant (thus 
the diagnosis of depression) use has risen 
from 21.9% to 47.5% in 10 years from 
1996 to 2006 in elderly nursing home 
patients.8  The National Alliance on 
Mental Illness also states that 6.5 mil-
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lion over the age of 65 years old has a 
form of depression.9 Furthermore, many 
of these diseases place individuals at risk 
for further complications.  For example, 
individuals with congestive heart failure 
may also have challenges with diabetes, 
hypertension, hypercholesterolemia, or 
renal failure.7  Another example would 
be the obesity epidemic where 35.7% 
of Americans are obese.10  An obese 
individual is at risk for diabetes mel-
litus, coronary artery disease, hyper-
tension, hyperlipidemia, atherosclerosis, 
and/or joint problems.7 Thus, a person 
could be on insulin for diabetes, an 
anti-hypertensive medication, an anti-
cholesterol medication, hydrocodone or 
a nonsteroidal antiinflammatory drug 
for pain and inflammation, and maybe 
an anti-depressant due to all the medi-
cal problems and decreased physical 
activity. These patients can be labeled as 
medically complex where “one diagno-
sis may cause other pathophysiological 
conditions.”7

Besides the age and the chronic dis-
ease as reasons for polypharmacy, there 
are several more that can be cited in-
cluding new drugs being developed, 
the increased use of herbal drugs and 
over-the-counter drugs to self-medicate, 
misuse of medications, poor choices by 
doctors when prescribing medications, 
over-prescription use, the necessity to 
treat side effects, and poor communica-
tion and relationship between doctors 
and patients, and patients requesting 
medications they have seen advertised.2,6

One of the consequences of poly-
pharmacy or multipharmacy is drug-
drug interactions.  One definition of 
drug-drug interaction is “the ability of 
a drug to modify the action or effects of 
another drug administered successively 
or simultaneously.”12 Another article de-
fined drug-drug interactions as “two or 
more drugs interacting in such a manner 
that the effectiveness or toxicity of one 
or more drugs is altered.”14 These inter-
actions will be better explained later in 
this paper. The incidence of drug-drug 
interactions range from 5% to 63% 

based on different researchers.5,10,12,14,16 
Many articles discuss adverse drug reac-
tions which is defined as “an appreciably 
harmful or unpleasant reaction, resulting 
from an intervention related to the use 
of a medicinal product.”17 Thus, drug-
drug interactions can lead to adverse 
drug reactions that may lead to declining 
health, decreased functional abilities, in-
creased number of hospitalizations along 
with longer stays, and increased overall 
health costs.4,5,6,11-15 Drug-drug interac-
tions cause from between 2% to 10% 
of hospitalizations.5,12,14 Furthermore, 
certain drug combinations simply raise 
the risk of hospitalization to 3 times the 
risk when taken together.13  There are 
other drugs that increase the odds of be-
ing admitted to the hospital when taken 
in combination with other medications 
ranging from 3.7 up to 5.8.15  Looking 
at hospital stays, there are on average 
between one to 5 drug-drug interactions 
per stay.5,14,16 The total cost for drug-
drug interactions can cost $1 billion.12 
Additionally, drug-drug interactions 
while in the hospital increase costs by 
double and increase the length of stay 
from 8 to 15 days.16

The purpose of this paper is trifold. 
First is to educate the reader on reasons 
for drug-drug interactions. Second, to 
educate the reader of signs and symp-
toms of interactions based on commonly 
seen interactions. Third will be to edu-
cate the reader to what needs to be done 
to prevent or monitor these and why it 
is important for therapists to be aware of 
drug-drug interactions.

Drug-drug interactions are caused by 
one of two reasons--either pharmacody-
namics or pharmacokinetics. Pharmaco-
dynamics is the “response of the body 
to the effects of a drug at a given con-
centration.”3 The pharmacodynamics 
interaction looks at how the drugs react 
to each other.4 Drugs can either mul-
tiply the effect when using two similar 
drugs as in alcohol and a sedative both 
having sedative effects and is defined 
as having an “additive” effect.4 Or, on 
the other hand, the one medication can 
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stop the other from working effectively 
as in an ACE inhibitor and a potassium-
sparing diuretic. This interaction can be 
called “antagonistic.”4 There are multiple 
ways that pharmacodynamics interac-
tion works including COX-1–mediation 
of thromboxane synthesis, inhibition of 
serotonin into the platelets, reduction of 
glomerular perfusion, and inhibition of 
the renin-angiotensin system.4  

“Pharmacokinetics describes how the 
body handles and disposes of a drug.”3  
There are 4 ways that the body dis-
poses of a drug: absorption, distribution, 
metabolism, and excretion.3 Two ways 
absorption is affected is the creation 
of complexes and the level of absorp-
tion at the membrane level.4 When 
complexes are created, the absorption 
can be slowed. An example given is 
alendronate for osteoporosis with either 
calcium from milk or mineral water or 
proton pump inhibitors that decreases 
the alendronate’s effectiveness.4 When 
absorption is affected at membrane level, 
the primary transport of P-glycoprotein 
(P-gp) is affected.4  This can inhibit or 
induce the P-gp or can be simply carried 
by the protein and is called a substrate. 
The typical scenario is that two medi-
cations are taken (a substrate and an 
inducer or a substrate and inhibitor) and 
the substrate’s effectiveness is increased 
or decreased leading to drug-drug in-
teraction due to the body’s attempt to 
absorb the medication through P-gp. 

Pharmacokinetics at the metabolic 
level is the next way medication can 
cause drug-drug interactions. “Inhibi-
tion of drug metabolism is a frequent 
cause of drug interactions.”4 Much of 
the drug metabolism is done through 
the cytochrome P450 enzyme (CYP450) 
that metabolizes 90% of drugs.18 There 
are more than 50 CYP450 enzymes 
that are primarily in the liver, but also 
in the small intestines, lungs, placenta, 
and kidneys.18 Each drug can be labeled 
as a substrate, inducer, or inhibitor 
of one of these CYP450 enzymes.4,18,19 
Similarly as the pharmacodynamics, the 
pharmacokinetics of metabolism relates 
to when an inducer or an inhibitor of 
the CYP450 enzyme is given in combi-
nation with a substrate of the CYP450 
enzyme the substrate will be more or less 
effective causing a potential drug-drug 
interaction. The level of interaction is 
based on the combination of medica-
tions and the amount of medication 
given.  A drug can increase its effect, 

inhibition, or induction by the dosing. 
There are more than 100 medications 
that are substrates of CYP450 enzymes, 
more than 50 inhibitors, and more than 
20 inducers.4,18,19 Some medications can 
be substrates of different CYP450 en-
zymes for example amitriptyline (1A2 
and 2D6) or multiple enzyme inducer 
like rifampin (2B6, 2C8, 2C9, 2C19, 
2D6, and 3A4,5,7) which can make 
tracking the interactions difficult.4,18,19 
Medications can also be both an inhibi-
tor of one enzyme and a substrate of that 
same enzyme as is clarithromycin.4,19 

As the reader can see polypharmacy 
or multipharmacy involving multiple 
medications can have pharmacokinetic 
and pharmacodynamic interactions that 
may lead to drug-drug interactions. As 
many different diagnosis and medica-
tions that exist there are nearly that 
many potential interactions.  Some in-
teractions are minimal and some are so 
severe as to cause an adverse drug reac-
tion like hospitalization. To complete 
the annotated bibliography and this 
paper, I completed a National Center for 
Biotechnology Information search using 
the search engine with “elderly” and 
“drug-drug interaction” as the criteria 
and over 58,000 articles were found.20 
The articles I chose for the content that 
focused on what I considered more com-
mon medications related to elderly (car-
diac, antidepressants, etc), what causes 
interactions (CYP450), and general pop-
ulation trends. The next section of the 
paper will overview some of the com-
mon consequences of interactions and 
medications that cause the interactions.

Bleeding
Bleeding is a common drug-drug 

interaction occurring in elderly due to 
the need for blood thinners to prevent 
clots to decrease risk of cerebrovascu-
lar accident or myocardial infarction.  
Drugs such as aspirin, warfarin, and 
clopidogrel are common medications 
recommended; however, each in com-
bination with other drugs can cause 
bleeding.  Aspirin causes a pharmaco-
dynamics interaction with nonsteroid 
anti-inflammatory drugs (NSAIDs), 
selective serotonin reuptake inhibitor 
(SSRIs), and calcium channel blockers. 
The NSAIDs inhibit COX-1 protein 
synthesis reducing effectiveness of aspi-
rin.4  The SSRIs affect platelet function 
increasing risk of bleeding when taken 
with warfarin or NSAIDs.4 Calcium 

channel blockers inhibit the P-gp me-
tabolism affecting aspirin as a substrate.4 
Warfarin can either have a pharmaco-
kinetic or pharmacodynamics reaction 
based on drug combinations.  Warfarin 
is affected by CYP450 inhibitors amio-
darone (arrhythmic), metronidazole (an-
tibiotic), or fluconazole (antibiotic) that 
decreases the metabolism of warfarin 
keeping it in a person’s system lon-
ger thinning the blood.4,18 Additionally, 
warfarin can have a pharmacodynamics 
reaction when added to an anti-platelet 
medication such as clopidogrel or aspirin 
potentially thinning the blood too much 
resulting in overanticoagulation.14

Decreased effectiveness
A common theme of aspirin and 

NSAIDs is the combination with many 
drugs results in a pharmacodynamics 
interaction of decreasing effectiveness of 
medications.2  A few medications that 
have proven decrease effectiveness in-
clude: beta blockers, thiazide and potas-
sium sparing diuretics, and ACE inhibi-
tors.4  Nonsteroid anti-inflammatory 
drugs with ACE inhibitors result in de-
creased blood pressure lowering effect.4  
High dose aspirin and ACE inhibitors 
also decrease blood pressure lowering 
effect where low dose aspirin does not 
change effectiveness.4  Proton pump 
inhibitors can cause a pharmacokinetic 
reaction with antiplatelet medication 
of clopidogrel through the CYP450 en-
zyme causing decreased effectiveness of 
the antiplatelet medication increasing 
the risk of acute coronary syndrome.4  
The medication alendronate for osteo-
porosis is affected in a pharmacody-
namic way by calcium rich foods and 
proton pump inhibitors by decreasing 
the effectiveness putting the individual 
at risk for fractures.4 Both the calcium 
and the PPI reduce the absorption of 
the medication so less enters the system.4  
Some medications, prodrugs, require 
metabolism in order to reach therapeutic 
levels.6,18 Opioids such as hydrocodone, 
codeine, dihydrocodeine, and tramadol 
are considered prodrugs.6,18 Any medica-
tion of the CYP2D6 enzyme group of 
the CYP450 that may include some SS-
RIs, amiodarone, or quinidine will affect 
the metabolism which would decrease 
the resulting pain management level.4,6,18  
Additionally, losartan, an antihyperten-
sive medication, is also a prodrug and 
is a substrate of the CYP2C9 CYP450 
enzyme that could be affected by an in-



10 GeriNotes, Vol. 21, No. 1 2014

hibitor of the same enzyme group such 
as amiodarone or fluconazole.4,6

Heart Complications
Many heart failure patients are pre-

scribed the combination digoxin and 
diuretics to improve heart contraction 
and to decrease pulmonary congestion 
and edema; however, this combination 
can lead to digoxin intoxication and 
hospitalization.12,13  The diuretic hydro-
chlorothiazide has the highest risk for 
side effects of all diuretics.13  This com-
bination results in a pharmacodynamic 
interaction causing an electrolyte change 
mostly with potassium.13  Another com-
bination that may cause digoxin intoxi-
cation is digoxin and amiodarone, both 
antiarrhythmic medications, which can 
cause a build-up of digoxin leading to 
toxicity.12,21 The combination of vera-
pamil and clarithromycin, erythromycin 
or telithromycin can lead to a pharma-
cokinetic reaction of P450 leading to 
QT interval changes.18

The SSRIs and TCAs have shown to 
cause increased risk of death in patients 
with heart failure by increasing the 
serotonin levels and decreasing the ef-
fectiveness of the beta blocker.11 This is 
a pharmacokinetic effect of the CYP450 
enzyme groups and the inhibition of 
metabolism by the SSRI.4 Proton pump 
inhibitors including omeprazole, lan-
soprazole, and pantoprazole also create 
a pharmacokinetic effect by inhibiting 
other drugs metabolism and in combi-
nation with anticoagulant clopidogrel 
can lead to acute coronary syndrome.4 

Myopathy/rhabdomyolysis
Simvastatin, another substrate of 

CYP450, is affected by antibiotics, clar-
ithromycin, erythromycin, and telithro-
mycin, which inhibit metabolism al-
lowing an increase in simvastatin levels 
which become toxic potentially causing 
myopathy and/or rhabdomyolysis.18 The 
drug combination of simvastatin a sub-
strate of P450 and verapamil an inhibi-
tor can also lead to myopathy.

Hypotension
Several drug-drug interactions can 

cause hypotension that can lead to ad-
verse drug effects including falls which 
may lead to hospitalization for injury. 
The combination of ACE inhibitor 
(captopril or enalapril) with a loop di-
uretic (furosemide/Lasix) or a thiazide 
reacts in a pharmacodynamics level to 
cause a postural hypotension due to 

changes in electrolytes.2,21  Additionally, 
propranolol, a beta blocker, and nife-
dipine, a calcium channel blocker, can 
cause a change in electrolytes resulting 
in hypotension or even bradycardia.2,22 
Verapamil and other calcium channel 
blockers are a substrate of CYP450 and 
is affected by the inhibition antibiotics 
of clarithromycin, erythromycin, and 
telithromycin also causing potential hy-
potension by the built up of verapamil 
levels.15,18 Metoprolol and paroxetine can 
cause a orthostatic hypotension due to 
CYP450 interaction with the increase in 
serum levels of metoprolol.18

Hyperkalemia
The combination of ACE inhibitor 

and potassium sparing diuretic or al-
dosterone antagonists can cause a phar-
macodynamic reaction of hyperkalemia 
that may lead to changes in heart rate or 
if severe enough the heart may stop.4,5,23 

Extrapyramidal symptoms
Risperidone and tramadol both have 

side effects of possible extrapyramidal 
symptoms (EPS).21  Extrapyramidal 
symptoms is a “group of side effects 
associated with antipsychotic medica-
tions. Extrapyramidal symptoms include 
parkinsonism, akathisia, dystonia, and 
tardive dyskinesia.”24  Adding a CYP450 
inhibitor such as fluoxetine or parox-
etine can increase the risk of symptoms 
due to decreasing the rate of metabolism 
and allowing the medication to build up 
in the system.18

Serotonin syndrome
Serotonin syndrome is a group of 

symptoms including confusion, agita-
tion or restlessness, dilated pupils, head-
ache, changes in blood pressure and/or 
temperature, nausea and/or vomiting, 
diarrhea, rapid heart rate, loss of mus-
cle coordination or twitching muscles, 
shivering and goose bumps, and heavy 
sweating that can result from some med-
ication combinations.25 The SSRIs taken 
together (for example amitriptyline and 
fluoxetine) or, tramadol, or triptans with 
other medications can act in a serotoner-
gic effect can have this potentially life 
threating effect.12

Multisymptom/Multi- 
effects

Amiodarone is a medication for the 
treatment of ventricular fibrillation and 
was found in several articles indicat-
ing potential interactions.4,5,12,18 Amio-

darone is metabolized by the CYP450 
enzyme group as an inhibitor and also 
the P-gp protein as an inhibitor.4 Due 
to this inhibition, amiodarone can cause 
multiple significant changes in heart 
rhythm, myopathy, digoxin intoxica-
tion, bleeding, and impairment of ef-
fectiveness of other medications.24 The 
combination of beta blockers and SSRIs 
(which are pharmacokinetic inhibitors 
of CYP450) can lower blood pressure 
and cause bradycardia.4 Fluoxetine, an 
inhibitor of CYP450, in combination 
of the antipsychotic clozapine can cause 
potentially fatal symptoms of changes 
in heart rate, abnormal movements, 
and changes in blood pressure.4 Quino-
lones inhibit CYP450 enzyme and with 
combination of theophylline, used for 
treatment of chronic asthma and lung 
diseases can create cardiac and gastroin-
testinal symptoms.4,21 

Trend
Four of the articles that were re-

viewed showed some common connec-
tions when discussing drug-drug inter-
actions. For the elderly, cardiac medica-
tions are the most common medication 
prescribed with over 285 million pre-
scriptions written in 2010.26 Diuretics 
(loop, thiazides, and potassium-sparing), 
ACE inhibitors, digoxin, antiplatelet 
medications, and anticoagulants can ac-
count for most of the common drug-
drug interactions followed closely by 
aspirin and NSAIDs.2,5,12,14 Most of these 
interactions are of the pharmacodynam-
ic interaction type affecting potassium, 
COX-1 binding, and clotting levels.2 
The conclusion of this trend is that 
individuals taking any form of cardiac 
medication should be aware of potential 
drug-drug interactions and be closely 
monitored by a physician.

In the small research I did to help to 
understand drug-drug interactions bet-
ter, I found 84 different combinations 
that could lead to potential adverse drug 
effects. There were so many, I could not 
begin to understand the dynamics of 
interaction with each combination and 
could not clarify all within this paper. 
With the large amount of medications 
that cause pharmacodynamics interac-
tions with electrolytes and with medi-
cations working with and against each 
other and then adding the pharmaco-
kinetics of CYP450 and the more than 
100 medications metabolized through 
that system there are probably 5 times 
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this amount of combinations looking at 
each individual medication.	

It is important that patients, doctors, 
and therapists understand the reasons 
and consequences of drug interactions 
as stated earlier in the paper.  Once those 
are understood, it leads to prevention 
and monitoring of changes made to a 
patient’s drug regime. Some hospitals 
are introducing data-bases to alert phy-
sicians to potential drug-drug interac-
tions.5,14 Many of these data-bases create 
ratings to level of severity of drug-drug 
interactions. Micromedex, GALDAT, 
DrugDigest, Drugs, and Medscape are 
5 computer-based programs that have 
been developed to alert the user to po-
tential drug-drug interactions.2,5,14 The 
GALDAT rates the drug-drug interac-
tions on a 6 category rating scale.5 The 
most serious is category 1 identified as 
“contraindicated” and the least serious 
is category 6 “no measures required.”5 
When researchers used this rating system 
it was found that most drug-drug inter-
actions occurred in the category 3 “ad-
justment required.”5  Two studies used 
Micromedex system that used a low, 
moderate, or severe rating scale; during 
that study most interactions occurred in 
the moderate range.2,14  In one study, the 
physicians were watched on how they re-
acted to alerts provided by the GALDAT 
system. Researchers concluded that 91% 
of all alerts were overridden by the phy-
sician.5  Many of the drug-drug interac-
tions could have been prevented simply 
by monitoring and adjustments based 
on labs.5  The AARP has created a drug 
checker website that allows an individual 
to place all their medications into their 
system and drug-drug interactions will 
be rated by severe, moderate, or minor.27 
This is a useful website for therapists 
or patients to check their medications 
to help monitor changes. Additionally, 
CVS has their own drug checker site 
and it also has a way to keep track of all 
of an individual’s prescription history.28 
This can be useful for someone chang-
ing medications but unable to track the 
changes. The CVS, similar to AARP, al-
lows the user to input their prescriptions 
and rates of interaction from major to 
moderate to low.27,28  Both the AARP 
and CVS websites provide symptoms to 
look for when monitoring interaction.

Many articles make recommenda-
tions both in a general and a drug spe-
cific manner on what to do to prevent 
drug-drug interactions.  Drug specific 
recommendations include that if a pa-

tient is in need of an antidepressant 
while being treated for heart failure 
then a tricyclic antidepressant (TCA) 
should be chosen over a SSRI.11 If a 
heart failure patient requires the com-
bination of digoxin and a diuretic, then 
a potassium-sparing is the least risky 
(although still has a 1.72 odds ratio of 
hospitalization).11 If a patient is on a cal-
cium-channel blocker for hypertension 
or coronary artery disease and is in need 
of a macrolide antibiotic the best choice 
is azithromycin over erythromycin and 
clarithmycin.15

When discussing general guidelines 
for prevention of drug-drug interactions, 
the primary suggestion was to include 
periodic review of medications by physi-
cian and look at efficacy of medication 
and adjust for drug-drug interactions as 
needed.2 Physicians must monitor lab 
values when a medication is added that 
has a potential to change lab values.5 
For example, since warfarin has a small 
window of efficacy as indicated by INR 
(2.0-3.0) and some medications (eg, 
Fluconazole) can alter the INR pharma-
cokinetically or pharmacodynamically 
putting the patient at risk for bleeding, 
then lab values should be more closely 
monitored during the time on the new 
medicaiton.4,12,14,18,29 It is also important 
for physicians to know what medications 
their patients are taking and for patients 
to communicate to different physicians. 
A simple example provided was a patient 
on warfarin with previously stable INR 
values that suddenly became unstable; 
the patient was found to have started 
fluconazole for an infection.18 It could 
have been very likely that this patient 
failed to inform their family doctor they 
were on warfarin and the physician, 
without knowing this, gave this patient 
a CYP450 inhibitor altering the metabo-
lism of warfarin.  Many of the articles 
state the simple fact that polypharmacy 
is the biggest predictor of drug-drug in-
teractions and anything that can be done 
to reduce polypharmacy can reduce in-
teractions.2,3,5,6,12,14,16 

Physicians and therapists can help 
patients detect interactions. Tom Lynch6 
recommends 4 questions to help with 
this. First, identify the nature of the 
interaction looking at drugs, diseases, 
food, and nutrition. Second, how would 
the interaction occur? This looks at 
pharmacokinetics or pharmacodynamics 
that were discussed earlier. Third, are 
there potential or clinical symptoms that 
can be monitored?  This looks at symp-

toms as discussed in the medication 
part of this paper and the risk factors 
involved with the medically complex 
patient.  And lastly, is there a plan for 
monitoring those changes? Should labs 
be taken? Should blood pressure moni-
tored for changes? Who will monitor 
changes--the patient or family member? 

Additionally, Lynch6 recommends 5 
steps for medication management for 
primarily opioid therapy but many can 
be modified to other medications. First, 
“start low, go slow.”6 Basically, when it 
comes to medications it is better to be-
gin with a low dose and slowly move up 
based on clinical changes or lack thereof. 
Second, “identify all medications, with a 
focus on medications that alter CYP450 
activity.6 This goes back to the facts stat-
ed earlier in this paper that there are sub-
strates of CYP450 and can be affected 
by inducers in quickening metabolism 
decreasing effectiveness or affected by 
inhibitors decreasing metabolism into 
their active drug which also decreases 
efficacy.4,6 Any new medication should 
be cross-referenced with old medica-
tions using a site like the IU or CVS or 
AARP or one of the hospital based com-
puter programs for potential drug-drug 
interactions.  Third, “consider route 
of administration” which discusses how 
the medication is entering the system 
and that oral drug intake has a higher 
probability of interaction than does in-
travenous, rectal, or buccal.6  Fourth, 
“avoid errors” means not only complet-
ing step two but also making sure all 
medications including nonprescriptions 
are accounted for to complete this step.  
As stated earlier, many over-the-counter 
medications (eg, aspirin, NSAIDs) can 
cause serious drug-drug interactions and 
need to be accounted for when changing 
medications. Lastly, “follow-up” discuss-
es the monitoring of the new medica-
tion and both the positive and negative 
changes resulting from that medication.6  
This might be a subjective pain rating 
scale (0-10), changes in blood pressure 
(hypotension or hypertension), or lab 
values (as in warfarin).

Can polypharmacy or multiphar-
macy be reduced? Garfinkel et al30 com-
pleted an interesting study in 6 geriat-
ric nursing departments. They used a 
geriatric-palliative approach where they 
reviewed medications for each patient 
and symptoms with the purpose to 
discontinue as many medications as pos-
sible. In 119 patients, they were able 
to discontinue 332 medications with 
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no significant drug effects.29 They had 
“failure” zones for each medication and 
monitored patients accordingly to make 
sure the medication discharge was safe 
and effective.19 They had an 18% failure 
rate where medications needed to be re-
sumed.19  Although not studied directly, 
they received reports of changes for 
the positive in alertness and decreased 
agitation.19 They also showed a decrease 
in cost to the facility due to the reduc-
tion in medications.19 So, the answer is 
yes, that some patients can be taken off 
medications safely based on change in 
health status. Additionally, we know that 
life-style changes can alter cholesterol, 
high blood pressure, and risk for heart 
problems and can reduce the need for 
medication.

Another thing to look at while ex-
amining drug-drug interactions is some 
of the individual medications that are 
on the potential medication list are 
also on the Beers’ Criteria.  The Beers’ 
Criteria is a listing of medications that 
“should be avoided in older people.”32   
Examples of medications that have po-
tential drug-drug interactions are also on 
this list include: amiodarone, digoxin, 
spironolactone, and amitriptyline.32 Ad-
ditionally, the Beers’ Criteria does not 
take into account the drug-drug interac-
tions that could potentially make the 
list extend from the 53 medications or 
medication classes to easily more than 
100 combinations that could create an 
“avoid” recommendation.31

Therapists spend two to 3 hours 
per day with a patient. We monitor 
vitals, have discussions with patients, 
and monitor movements.  We have the 
ability to see the small changes (good 
and bad) that our patients experience. 
We speak with physicians and provide 
updates to positive and negative changes 
in our patients. We even help patients 
to understand their medications better. 
In order to make recommendations and 
help our patients, an understanding of 
drug-drug interactions at the pharma-
codynamic and pharmacokinetic levels 
and having a good knowledge of what 
medications are more likely to cause 
interactions should be a vital part of a 
therapist’s knowledge base.
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Thyroid dysfunction is the most 
common endocrine disorder, affecting 
more than 20 million Americans with 
associated health care costs estimated 
to be more than $10 billion  annually.1 
Thyroid dysfunction can be classified as 
hyperthyroidism that is characterized by 
increased thyroid hormones (TH) and 
decreased thyroid stimulating hormone 
(TSH) and hypothyroidism with the 
opposite hormonal abnormalities (low 
TH and high TSH). Changes in thy-
roid function including hormone pro-
duction, metabolism, and action are 
related to aging.  The prevalence of 
thyroid dysfunction is greater in post-
menopausal women.  A 2003 study 
found an incidence of 2.4% clinical 
thyroid disease and 23.2% subclinical 
disease in that population.  Among those 
postmenopausal women with subclinical 
conditions, 73.8% had hypothyroid-
ism and 26.2% had hyperthyroidism.2  
This paper will review normal thyroid 
function, briefly discuss hyperthyroid-
ism, and then will focus on the more 
common geriatric condition of hypo-
thyroidism with a review of the causes, 
signs and symptoms, diagnosis, medical 
treatment, and clinical implications of 
particular relevance to physical therapy.

The thyroid gland is located in the 
anterior neck area just below the larynx.  
Its main function is to secrete tetraiodo-
thyronine (T4) and triiodothyronine 
(T3).  Eighty percent of T3 is produced 
by extrathyroidal deiodination of T4. 
T3 interacts with nuclear T3 receptors 
in multiple target tissues.  Thyroid func-
tion is regulated by the hypothalamus 
and the pituitary gland.  Thyrotropin 
releasing hormone (TRH) from the hy-
pothalamus stimulates the pituitary to 
secrete TSH in response to T3 levels 
within thyrophic cells in the pituitary.  
The actions of thyroid hormone are sig-
nificant and varied.  It promotes normal 
growth and development, regulates heart 
rate and cardiac output, maintains venti-
lator responses to hypoxia and hypercap-
nia, modulates the basal metabolic rate, 
modulates the metabolism of lipids and 
carbohydrates, stimulates bone remodel-
ing, and has an effect on gastrointestinal 
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and kidney functions.2 
In normal aging, TSH and T3 levels 

decline but T4 levels remain the same.  
There is an age-related decline in TSH 
secretion by the pituitary gland and a 
shift in the circadian rhythm of TSH 
secretion in which nocturnal TSH peak 
time is earlier.  The mechanism behind 
the altered TSH secretion is unknown 
and may be due to reduced TRH from 
the hypothalamus.  Even though the de-
creased TSH results in lower T4 produc-
tion, the concentration stays the same 
due to decreased degradation of T4 with 
age.  There is also an age-related increase 
in the prevalence of anti-thyroperoxi-
dase (anti-TPO) and anti-thyroglobulin 
(anti-TG) antibodies, particularly in 
postmenopausal women, resulting in an 
increased incidence of hypothyroidism.  
For reasons yet unknown, thyroid anti-
bodies are rarely found in centenarians 
but are frequently found in hospitalized 
elderly patients.3  

Hyperthyroidism is one form of 
thyroid dysfunction.  It increases in 
prevalence in the elderly with approxi-
mately 3% of those over the age of 60 
years having the condition.  It is diag-
nosed through measurement of TSH 
blood levels with 0.1-0.45 mU/L being 
considered subclinical and <0.1 mU/L 
designated as overt hyperthyroidism. 
Common causes of hyperthyroidism in 
older adults include multinodular goiter, 
Graves’ disease, or excess iodine intake 
associated with medications or imaging 
contrast agents. Nonthyroidal illnesses, 
poor nutrition, and medications such 
as glucocorticoids should be excluded as 
possible causes of low TSH in differen-
tial diagnosis.4 

Signs and symptoms of hyperthy-
roidism in postmenopausal women in-
clude weight loss, nervousness, increased 
perspiration, cardiac arrhythmias, alo-
pecia, and diarrhea.  Subclinical hy-
perthyroidism in older women is often 
unrecognized due to lack of symptoms 
or similarity to symptoms often as-
sociated with menopause.2  The most 
significant clinical manifestations of hy-
perthyroidism include cardiac dysfunc-
tion, increased risk of thromboembolic 

complications, and reduced bone min-
eral density (BMD).2,4 The combined 
effect of increased TSH and decreased 
estrogen put postmenopausal women at 
significantly greater risk for osteoporosis 
and related complications.2

Treatment of hyperthyroidism is 
with TH suppression therapy.  Currently 
there is insufficient evidence to demon-
strate a definite link between treatment 
of subclinical hyperthyroidism and re-
duction of cardiac dysfunction, particu-
larly atrial fibrillation.  However, since 
subclinical hyperthyroidism in adults 
over the age of 60 years has been associ-
ated with increased 10-year mortality, 
many physicians recommend TSH sup-
pression treatment even in mild cases.4 

Estrogen replacement is also frequent-
ly recommended for postmenopausal 
women with even mild hyperthyroidism 
due to estrogen’s positive effect on bone 
health.2

Hypothyroidism is the more preva-
lent form of thyroid dysfunction in the 
aging population. The most common 
cause of hypothyroidism is thyroiditis in 
which the thyroid gland’s cells are dam-
aged by inflammation resulting from a 
chronic autoimmune condition.  Other 
causes of hypothyroidism include certain 
drugs such as lithium and amiodarone, 
iodine deficiency, radiation treatments 
to the head and/or neck, radioactive 
iodine used to treat hyperthyroidism, 
and surgical removal of all or part of the 
thyroid.  

Early symptoms of hypothyroid-
ism include constipation due to de-
creased GI motility, increased sensitiv-
ity to cold, general fatigue, joint and/or 
muscle pain, weakness, depression, and 
weight gain.  If the condition persists 
without treatment, later symptoms are 
commonly decreased taste and smell; 
hoarseness of voice; puffiness of the 
hands, feet, and face; and slow speech.  
Physical examination often shows the 
following signs: atrophic thyroid gland 
upon palpation, delayed relaxation phase 
of deep tendon reflexes, bradycardia, 
diastolic hypertension, thin and brittle 
hair and/or nails, pale and/or dry skin, 
and thinning of the eyebrows.  Routine 
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laboratory test results may be abnormal.  
Hypercholesterolemia, hyponatremia, 
hyperprolactinemia, hyperhomocystein-
emia, hypoglycemia, and elevated cre-
atine phosphokinase are often found.3 

Hypothyroidism in older adults may 
be overlooked or misdiagnosed because 
it often has a more insidious onset 
than in younger populations, there are 
frequently co-morbidities with similar 
symptoms, and attribution of many of 
the symptoms to normal aging.4 A rare 
but potentially life threatening compli-
cation of hypothyroidism is myxedema 
coma.  It may result from an infection, 
illness, hypothermia, or untreated hypo-
thyroidism.  Signs of myxedema coma 
include below normal body temperature, 
decreased respiratory rate, hypotension, 
low blood sugar, and unresponsiveness.3

Laboratory tests of thyroid func-
tion are the primary diagnostic method 
for hypothyroidism when prompted by 
clinical signs and symptoms and/or ab-
normal findings on routine screening.  
Serum TSH and T4 levels are the most 
common tests.  The range of normal 
TSH levels is 0.35 – 4.5 mU/L.  An el-
evated TSH level indicates the likelihood 
of hypothyroidism but assumes normal 
hypothalamus and pituitary function-
ing.  Testing T4 provides additional 
diagnostic confirmation.  Because total 
T4 levels can be affected by common 
protein binding abnormalities, free T4 
is measured instead.  The normal range 
for free T4 is 11-24.5 Elevated TSH with 
low or normal T4 confirms the diagno-
sis.   Malnutrition, chronic illness, and 
use of some medications can affect TSH 
and T4 levels in the elderly.  Drugs that 
may alter thyroid function test results 
include lithium, amiodarone, glucocor-
ticoids, dopamine, estrogens, heparin, 
and propranolol.4  Less frequent diag-
nostic tests include blood tests for the 
presence of anti-thyroid antibodies or 
calcitonin levels and imaging such as a 
thyroid ultrasound. 

In cases in which free T4 is normal 
and TSH if elevated but <10 mU/L, the 
condition is considered to be subclinical 
hypothyroidism.  Subclinical hypothy-
roidism is more common in women 
over the age of 80, in Caucasians, and 
in populations with iodine deficiency.  
Some of the possible conditions related 
to subclinical hypothyroidism are car-
diac dysfunction, atherosclerosis, hyper-
cholesterolemia, cognitive and depres-
sive disorders, and conversion to overt 
hypothyroidism.  Adults 55 years and 

older will progress from subclinical to 
overt hypothyroidism at a rate of about 
8% per year.4 

Because of the nonspecific signs and 
symptoms and the chronic complica-
tions associated with untreated hypothy-
roidism, the American Thyroid Associa-
tion recommends all adults be screened 
for TSH levels at age 35 and every 
5 years thereafter. The American Col-
lege of Physicians supports screening 
of women over the age of 50 years.  No 
national guidelines currently exist and 
when and who to screen for thyroid dys-
function remains controversial.1,6 

Medical treatment of hypothyroid-
ism is replacement of thyroid hormone 
with a synthetic alternative called levo-
thyroxine taken orally and daily.  Levo-
thyroxine is absorbed in the small intes-
tine and has a 7 day half-life due to plas-
ma protein binding.  It is metabolized 
once it reaches the target tissues.  Dosage 
of levothyroxine is based on bodyweight 
and age.  Prescribers are urged to begin 
treatment at the lower end of the dosage 
range and make adjustments based on 
laboratory monitoring of TSH and T4 

levels.  Once the appropriate dosage is 
established, annual monitoring is recom-
mended or more often if symptoms of 
over medication develop or continued 
low levels persist.   To maximize absorp-
tion of levothyroxine, it should be taken 
on an empty stomach and should not 
be taken with certain drugs and supple-
ments such as iron, calcium carbon-
ate, cholestyramine, several anti-seizure 
medications (eg, phenobarbital), as well 
as dietary fiber and soy products.3,4

Thyroid hormone replacement in 
cases of subclinical hypothyroidism is 
controversial.  Research regarding the 
benefit of levothyroxine to prevent the 
complications associated with hypothy-
roidism has not been definitive.  Current 
guidelines do not recommend thyroid 
hormone replacement if the patient has 
normal T4 levels and a TSH level below 
10 mU/L.4,6 Those in favor of treat-
ment for patients with TSH levels of 
5-10 mU/L argue that levothyroxine 
may prevent the progression to overt 
hypothyroidism and lessen the negative 
effects on the cardiovascular system and 
may improve quality of life by reducing 
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the symptoms experienced by many pa-
tients.1,3,6  Thyroid hormone can increase 
myocardial oxygen demand that can 
lead to angina pectoris or arrhythmias in 
older individuals so replacement therapy 
should begin conservatively and progress 
cautiously in that population.4

A number of clinical features of hy-
pothyroidism can be seen in each of the 
systems most often treated by physical 
therapists: musculoskeletal, neuromus-
cular, cardiopulmonary, and and to a 
lesser extent the integumentary system.  
In addition, hypothyroidism often pro-
duces neurological and immunological 
effects that may impact physical therapy.

Skeletal muscle is a target tissue for 
thyroid hormone.  Physical exercise is 
known to affect gland activity and hor-
mone production.  As previously stat-
ed, arthralgia and muscle weakness are 
common complaints of individuals with 
hypothyroid conditions.  Also, many 
patients report exercise intolerance and 
fatigue. Duyff et al7 found that more 
than 75% of patients diagnosed with 
hypothyroidism had muscle weakness.  
A number of structural and biochemical 
changes have been observed in humans 
and animals with thyroid dysfunction.  In 
hypothyroid muscles, mitochondrial en-
zymes are decreased, particularly in slow 
twitch muscles.  There appears to be a 
hormone-dependent bioenergetics abnor-
mality in hypothyroid muscle.8  A study 
of hypothyroid cat soleus muscles found 
altered mechanical properties.  There was 
slower time-to-peak contraction and half-
relaxation times, higher muscle tension, 
and higher fatigability than in normal 
muscles.9  Caraccio et al10 found elevated 
blood lactate levels in subclinical hy-
pothyroid patients during submaximal 
exercise and suggested “the known struc-
tural alterations of skeletal muscle, more 
pronounced with frank hypothyroidism 
but also present in sHT (subclinical hy-
pothyroidism) may underlie the muscular 
symptoms frequently reported by sHT 
patients.”(p 461)  That same study found 
that T4 replacement did reduce the sub-
jective symptoms of patients even though 
the metabolic response to exercise was 
not improved. Thyroid hormones are 
also essential for normal bone growth 
and remodeling.  However, excess thyroid 
hormone is associated with increased risk 
for osteoporosis.  Postmenopausal women 
taking thyroid replacement should be 
carefully dosed and monitored.2  In ad-
dition, entrapment syndromes, such as 
carpal tunnel syndrome and facial nerve 

palsy, have also been associated with hy-
pothyroidism.11 

Thyroid hormone plays a key role in 
cardiovascular homeostasis by influenc-
ing myocardial contractility, heart rate, 
diastolic function, and systemic vascular 
resistance. Ciloglu et al12 studied the ef-
fect of exercise on thyroid hormones in 
young adult male athletes.  They found 
an increase in TSH values at moderate 
(70% max HR) and maximum (90% 
max HR) exercise and an increase fol-
lowed by a decrease in T3 and an in-
crease in T4 levels.  Adverse effects of 
hypothyroidism on the cardiovascular 
system have been demonstrated in a 
number of research studies.  Meena et 
al13 found significant left ventricular 
diastolic dysfunction both at rest and 
during exercise.  With hormone replace-
ment therapy, the dysfunction improved 
in cases of subclinical hypothyroidism 
but not in those with overt hypothyroid-
ism. Low T3 levels with normal T4 and 
TSH levels have been linked to heart 
failure.14  Low thyroid hormone has also 
been linked to increased total choles-
terol and low-density lipoprotein (LDL) 
along with decreased high-density lipo-
protein (HDL) which are known cardio-
vascular disease risk factors.  Subclinical 
hypothyroidism has been strongly associ-
ated with arteriosclerosis and myocardial 
infraction in older women.2 However, 
the increased cardiovascular risk related 
to hypothyroidism appears to be for pa-
tients younger than age 70 years.  Studies 
have shown there to be no additional risk 
for those ages 70-80 years and that there 
may actually be a protective benefit of 
having high TSH levels in people over 
the age of 80 years.1,3,6  A systematic 
review of 14 randomized clinical trials 
found that thyroid replacement therapy 
improves lipid profiles but does not 
result in decreased cardiac morbidity or 
mortality.15 Caraccio et al10 studied exer-
cise tolerance in young adults and found 
the response to exercise as measured by 
maximal VO2 was significantly reduced 
in patients with subclinical hypothyroid-
ism and did not improve with hormone 
replacement therapy even after one year.  
The authors suggested that the neuro-
muscular deficits associated with hy-
pothyroidism (as described above) may 
account for some of the reduced fitness 
observed in the subjects.  

The integumentary system can also 
be negatively affected by low levels of 
thyroid hormones.  Thyroid hormones 
impact dermal homeostasis and when 

reduced the result is pale, dry, cool skin, 
and a thin epidermis that may limit that 
layer’s protective function.  The pale 
cool skin is the result of decreased skin 
perfusion.  The dryness of hypothyroid 
skin is due to reduced activity of the ec-
crine glands, which are the major sweat 
glands of the body.  Patients with low 
thyroid levels may exhibit slower wound 
and fracture healing; however, the re-
search is not conclusive.16

Thyroid hormones also influence the 
human immune system and hematopoi-
esis in the bone marrow.  The TSH has 
been shown to be produced and used 
by leukocytes or white blood cells that 
are essential components of the immune 
system.  Thyroid stimulating hormone 
also enhances lymphocyte function and 
proliferation.  Due to impaired immune 
response, patients with hypothyroid-
ism may be at increased risk of tumor 
formation and some infectious diseases.  
A link between low thyroid hormone 
and decreased red blood cell production 
has also been found with hypothyroid 
patients being more susceptible to ane-
mia. Individuals with leukopenia and/or 
anemia may have reduced tolerance to 
exercise and should be carefully moni-
tored for adverse effects.17 

Hypothyroidism has been associated 
with a number of neurological condi-
tions such as depression, memory loss, 
and cognitive impairment.  Thyroid 
hormones are vital for development and 
function of the brain.  Neurogenesis in 
adults takes place in the dentate gyrus 
of the hippocampus and recent evidence 
has linked depression to the same.  Thy-
roid hormone deficiency causes a reduc-
tion in the number of dentate gyrus cells 
and their migration and maturation.  An 
animal study by Montero-Pedrazuela et 
al18 showed that short-term adult-onset 
hypothyroidism hinders neurogenesis 
and results in depression-like behaviors.  
Jackson19 found a link between deficien-
cies in the thyroid axis (hypothalamus, 
pituitary, and thyroid) and depression 
in adults.  Miller et al20 found that 
thyroid hormone deficiency caused sig-
nificant limitations in verbal memory 
retrieval that appeared to be due to 
specific retrieval deficits rather than an 
attentional deficit. Dysfunction of the 
thyroid has also been linked to cognitive 
impairment and dementia.1-4,6,20  There 
is also a link between Alzheimer disease 
(AD) and thyroid function; however, the 
mechanism is not clear.  Tan and Vasan21 
studied the association of thyroid func-
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tion to AD in older women and found 
that both high and low levels were as-
sociated with AD. They suggested that 
high levels of thyroid hormone might in-
crease brain tissue oxidative stress while 
low levels might affect circulating levels 
of beta amyloid peptide (Abeta).  The 
production and deposition of Abeta is 
strongly associated with the develop-
ment of AD.  Because of the link be-
tween thyroid dysfunction and AD, the 
American Association of Clinical Endo-
crinologists has proposed narrowing the 
target thyrotropin levels to 0.3 – 3.04 
mlU/L with the hope that maintaining 
a narrower range might help prevent the 
development of AD in women.  

Hypothyroidism is a common patho-
physiological hormone deficiency.  It can 
be congenital or acquired, primary or 
secondary, and range from mild to overt.  
It is much more common in women and 
the risk increases with age.  In women 
age 60 years and more, subclinical hypo-
thyroidism may be present in up to 20% 
and the overt condition in up to 5% of 
that population.  Up to 8% of older men 
may have subclinical hypothyroidism.4  
Because of the multisystem effects of 
hypothyroidism, physical therapists who 
work with geriatric patients and clients 
need to be aware of the signs, symp-
toms, and clinical manifestations of the 
condition.  Older individuals presenting 
with otherwise undiagnosed symptoms 
such as fatigue, cold intolerance, joint 
and/or muscle pain, muscle weakness, 
bradycardia, hypotension, and cognitive 
decline should be referred for medical 
testing.  In cases of diagnosed subclinical 
or overt hypothyroidism, physical thera-
pists need to carefully monitor patient 
response to procedural interventions and 
make adjustments as indicated.  

Physical therapy can assist in the 
management of some of the systemic 
manifestations of hypothyroidism.  In 
older adults, exercise has been shown to 
improve cognition,22 muscle and cardio-
vascular function,23 reduce lipid abnor-
malities,24 and improve gastrointestinal 
motility.25  Physical therapists may need 
to modify therapeutic exercise programs 
for older patients due to potential struc-
tural and chemical changes in skeletal 
muscle.  Hypothyroidism effects on the 
cardiovascular system may reduce pa-
tient tolerance for exercise.  Physical 
agents may be helpful to reduce joint 
and muscle pain; however, care should 
be taken when applying physical agents 
to or handling patients with hypothy-

roidism since thyroid deficient skin is 
more susceptible to burns, tears, break-
down, and slower healing.  Physical ther-
apists should be aware that older patients 
with thyroid dysfunction may present 
with signs of depression, memory loss, 
or other cognitive impairments.  Meth-
ods of communication and teaching of 
those patients may need to be modified 
and referrals to appropriate health care 
providers may be indicated.  Patients 
receiving thyroid hormone replacement 
therapy should be monitored for signs 
of hyperthyroidism such as restlessness, 
tremor, increased sweating, and dyspnea.  
Some studies have shown that post-
menopausal women receiving thyroid 
replacement therapy have significantly 
decreased bone mineral density.2

As the population ages, physical 
therapists who work with older adults 
will likely treat more individuals with 
thyroid dysfunction.  In patients with 
hyperthyroidism, therapists must be 
aware of potential cardiac complications 
and osteoporosis.  Physical therapy may 
assist in improving the quality of life 
for patients with subclinical or overt 
hypothyroid.  The therapeutic approach 
should be individualized based on pa-
tient goals, presence of signs and symp-
toms, and associated medical conditions.
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Osteoporosis is a disorder of the 
skeleton characterized by decreased 
bone mineral density (BMD) that af-
fects micro-architecture and strength of 
the bone.1 The bone loses its strength 
and easily breaks in response to minor 
trauma. Current statistics show that 
there are about 10 million people in the 
United States (US) that have osteopo-
rosis, and about 300,000 hip fractures 
and 700,000 vertebral fractures are a 
result osteoporosis in the US.2 Osteo-
porosis and resulting fractures affect 
physical and psycho-social well-being of 
an individual. This ultimately affects the 
quality of life (QOL) of the individuals. 
Medical costs associated with osteo-
porosis and resulting fractures are also 
enormous, ranging from $10 to $22 bil-
lion each year.2 Therefore, it is necessary 
for a physical therapist to have knowl-
edge about the screening, diagnosis, 
prevention, and treatment of osteopo-
rosis. Also, it is necessary to know about 
various consequences of osteoporosis in 
elderly population.

Researchers at the Mayo Clinic have 
classified osteoporosis into primary or 
secondary osteoporosis depending on its 
etiology.1 Primary osteoporosis is due to 
the aging process.1 Secondary osteoporo-
sis is due to medical disorders like rheu-
matoid arthritis, nutritional deficiencies 
due to gastrointestinal diseases, and cer-
tain medications like an excess of gluco-
corticoids.1,3 So it becomes necessary for 
a physical therapist to identify the cause 
of osteoporosis so that managing the 
patient is easy. An elderly patient may 
be classified into primary osteoporosis. 
However, a secondary cause can also be 
present that can increase the medical 
complexity of the patient. Hence, pres-
ence of a secondary cause should also 
be explored and the patient should be 
referred accordingly. 

Identifying causes and providing in-
tervention for osteoporosis is possible 
once the patient presents with the con-
dition or its associated symptoms. How-
ever, along with intervention, physical 
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therapists should also focus on preven-
tive measures. Preventive measures are 
possible only when a therapist is able to 
identify any risk factor and appropriately 
screen patients who may develop osteo-
porosis. Various risk factors have been 
identified. Some of these risk factors1,3,4 
are as follows:
1.  �All women over 65 years of age and 

men over 70 years of age.1,4

2.  �All postmenopausal women with low 
body weight (less than 127 lbs), low 
BMI (less than or equal to 20), or a 
current smoker.1

3.  �Men or women with prolonged im-
mobilization, or on corticosteroid 
treatment.1

4.  �Men or women with a history of 
vertebral fracture.1

5.  �Secondary causes like gastrointestinal 
disorders, hematologic diseases, and 
hypogonadal states.3

6.  �Various behavioral factors like ciga-
rette smoking, excess alcohol intake, 
low level of physical activity, and caf-
feine intake.3

7.  �Increasing age and different racial 
and ethnic groups also affect BMD 
levels. For example, African-Ameri-
can women have higher BMD than 
white non-Hispanic women, while 
white and Asian men have more 
BMD than women.3

8.  �Poor health, recent falls, impaired vi-
sion, dementia.1

9.  �Men or women with solid organ or 
bone marrow transplants.1

Based on these risk factors, patients 
should be screened for osteoporosis. A 
physical therapist should also be aware 
of these risk factors. As there is direct 
access in many states, a patient can 
directly come to a physical therapist. 
When evaluating the patient, if a physi-
cal therapist suspects that the patient 
may develop osteoporosis due to various 
risk factors, then the patient should be 
referred to a physician for further as-
sessment. Another tool that is available 
to screen individuals with osteoporosis 

is Simple Calculated Osteoporosis Risk 
Estimation (SCORE).5 The tool consists 
of 6 items and has got good sensitivity 
and specificity.6 The tool is used to iden-
tify whether postmenopausal women 
needs to undergo BMD testing.6 Various 
other risk assessment tools can be used 
to screen individuals for risk of osteo-
porosis. Some of them are Osteoporosis 
Self-assessment Screening Tool (OST), 
Osteoporosis Risk-assessment Instru-
ment (ORAI), and Osteoporosis Index 
of Risk (OSIRIS).4 Such tools can be 
used by physical therapist to screen their 
patients for risk of osteoporosis.

Further evaluation of patients after 
screening is usually done by measuring 
their BMD using dual-energy x-ray ab-
sorptiometry (DEXA) and quantitative 
computed tomography (QCT). DEXA 
is considered gold standard method for 
measuring BMD.3 Dual-energy x-ray 
absorptiometry measures BMD and 
represents it in the form of a T-score 
and Z-score. T-score measures BMD by 
comparing it with young healthy white 
women while Z-score measures BMD 
by comparing it with age and gender-
matched controls.7 Both, T-score and Z-
score are standard deviations measured 
above and below the average BMD 
value.7 Bone mineral density of 2.5 or 
more below the mean is indicative of 
osteoporosis and BMD between 1 and 
2.5 standard deviations below the mean 
is indicative of osteopenia.8 The diagno-
sis of osteoporosis in men is different as 
the WHO’s criteria is based on young 
healthy white women. Therefore, it can-
not be used in diagnosing osteoporosis 
in men. However, a T-score in healthy 
men is available and it can be used to 
find BMD using DEXA.9 The American 
College of Physicians recommends that 
risk factors suggestive of osteoporosis 
should be evaluated in men prior to 
DEXA.10 Some of these factors are age 
above 70 years, body mass index (BMI) 
of less than 20 to 25, recent loss of 
weight of more than 10%, lack of physi-
cal activity, corticosteroid use, androgen 
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deprivation therapy, and previous fragil-
ity fracture.9,10  One study shows that 
men are more prone to develop osteo-
porosis due to secondary causes.9 There-
fore, these causes need to be evaluated.

The DEXA is used to find BMD in 
both men and women. Low BMD values 
increase the risk of fractures. However, 
BMD alone cannot determine the risk 
of fracture. Other factors also play an 
important role. Considering the effect 
of various factors, risk of fractures can 
be calculated using the WHO fracture 
risk assessment tool called FRAX. The 
FRAX takes into account the effect of 
various risk factors like age, sex, height, 
weight, smoking, and other validated 
risk factors to calculate 10-year probabil-
ity of hip fracture and a major osteopo-
rotic fracture.9 For a physical therapist, 
it is important to have knowledge about 
WHO’s criteria and fracture risk assess-
ment tools. This will help a therapist to 
determine whether a patient is at a risk 
of developing an osteoporotic fracture. 
Accordingly, the therapist should take 
necessary precautions when providing 
therapeutic exercises. Also, the patient 
should be educated about the disease 
and various risk factors associated with 
it especially those that can be modified 
like cessation of smoking and increas-
ing physical activity. In addition, the 
therapist should perform environmental 
assessments to remove all hazards that 
can lead to a potential fall. This is im-
portant in an elderly population that is 
at a higher risk of falls.

After diagnosing osteoporosis, treat-
ment is started. As osteoporosis is due 
to combination of various factors, treat-
ment should target these multiple fac-
tors. Primary osteoporosis is due to 
aging process. Multiple factors related 
to aging are responsible for decreased 
BMD. With aging, there is malabsorp-
tion of nutrients especially calcium and 
vitamin D that can lead to deficiency 
of calcium.11 Aging is also associated 
with decreased physical activity due to 
changes in the cardiovascular system, 
pulmonary system, neuromuscular sys-
tem, and musculoskeletal system.11 De-
creased physical activity leads to de-
creased BMD. Therefore, treatment for 
osteoporosis should target these multiple 
factors. Secondary osteoporosis is due 
to medical conditions. Therefore, the 
medical conditions need to be treated 
first. Then further treatment is targeted 

towards improving BMD.  Treatment of 
osteoporosis consists of a combination 
of medical care, nutrition, and rehabili-
tation. All the treatments are targeted at 
prevention of loss of bone mass.  

Prevention is possible by the use of 
calcium and vitamin D. As aging is as-
sociated with decreased calcium and vi-
tamin D levels in the body, calcium and 
vitamin D supplements should be start-
ed in elderly population.1 Two studies 
have evaluated the effect of calcium and 
vitamin D supplements on BMD and 
risk of falls in elderly women. The first 
study was done on elderly women with a 
vitamin D deficiency.12 It was found that 
vitamin D supplementation and calcium 
supplementation for one year improved 
BMD in elderly women.12 The second 
study13 was a randomized control trial 
(RCT). One hundred twenty-two wom-
en were randomized into two groups to 
receive either calcium and vitamin D 
or calcium alone.13 It was found that 
calcium along with vitamin D supple-
ments reduced the risk of falls by 49% 
as compared to calcium alone.13 There-
fore, calcium and vitamin D supple-
ments should be provided to the elderly 
population to prevent osteoporosis. The 
National Institute of Health recom-
mends calcium intake for older adults to 
be between 1000-1500 mg per day and 
daily vitamin D intake of 400-600 IU 
per day.7 Therefore, a physical therapist 
should be aware whether the patient is 
taking any calcium or vitamin D supple-
ments and the recommended dose.

Dietary intake of food that is rich 
in calcium and vitamin D is also indi-
cated in the elderly population. One 
of the richest sources of calcium comes 
from dietary products like milk, yogurt, 
and cheese.1 Along with dairy products, 
intake of fruits and vegetables should 
be increased while intake of calcium 
deficient beverages like sodas should 
be reduced.7 Along with calcium in-
take, vitamin D intake should also be 
increased as vitamin D is required for 
calcium absorption from the intestine. 
Vitamin D can be obtained from vita-
min D-fortified milk, cereals, egg yolk, 
salt water fish, and liver.1 In addition to 
dietary intake of vitamin D, adequate 
exposure to morning sunlight is also 
recommended to produce vitamin D in 
the body. Nguyen et al14 conducted a 
cross-sectional epidemiological study to 
evaluate association of BMD with BMI, 

physical activity, quadriceps strength, 
and dietary calcium intake. Dietary cal-
cium intake was measured using 4-day 
weighed food frequency questionnaire. 
The authors found a positive association 
of BMD dietary calcium intake. Thus 
adequate calcium and vitamin D is nec-
essary in an elderly population suspected 
of osteoporosis. It is the responsibility 
of the therapist to refer the patient to a 
dietician to increase dietary calcium and 
vitamin D intake.

In rehabilitation, preventive mea-
sures are directed at maintaining or 
increasing BMD. Prevention starts with 
education of the patient and the family 
about the disease process, its probable 
causes and consequences. Prevention 
also requires a change in lifestyle. One 
of the main causes of low BMD is a sed-
entary lifestyle. Pagonis et al15 conducted 
a retrospective double blinded study to 
find the differences between rural and 
metropolitan population with respect to 
osteoporosis. Six hundred ninety-seven 
osteoporotic patients from rural and 
metropolitan areas of Greece were in-
cluded in the study. The authors15 found 
that individuals in rural areas developed 
osteoporosis at a later stage than indi-
viduals in metropolitan areas. Also, the 
fractures were numerous and severe in 
metropolitan population. The authors15 
attributed these changes to a poor qual-
ity way of life and decreased activity 
levels in metropolitan areas. Therefore, it 
is necessary to increase activity levels in 
elderly individuals. One way to increase 
activity levels is through exercise. Two 
studies have evaluated the effect of ex-
ercises on BMD. Tolomio et al16 studied 
the effects of a specific exercise program 
consisting of strength, aerobic, balance, 
and joint mobility exercises on bone den-
sity, bone quality, and physical function 
capacity in postmenopausal women with 
low bone mineral density. Exercises were 
performed on land and water 3 times 
a week. The home exercise program 
was also included. After an 11-month 
exercise program, it was found that 
the specific exercise program improved 
physical function capacity, maintained 
bone quality, and reduced bone loss in 
postmenopausal women with low BMD. 
Another study is a Cochrane review.17 
The review was conducted to study the 
effects of exercise in preventing bone 
loss and fractures in postmenopausal 
women. Forty-three randomized con-
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trolled trials were included in the review. 
Exercise interventions were categorized 
into 6 categories17:
1.  �Static weight bearing exercises like 

single leg standing.
2.  �Low force dynamic weight bearing 

exercises like walking and Tai chi.
3.  �High force dynamic weight bearing 

exercises like jogging, jumping, run-
ning, dancing, and vibration plat-
form.

4.  �Low force nonweight bearing exer-
cises, eg, low load, high repetition 
strength training.

5.  �High force nonweight bearing exer-
cises like progressive resisted strength 
training.

6.  �Combination consisting of more 
than one of the above exercise inter-
ventions.

The results of the review show that 
high force nonweight bearing exercises 
improve BMD at the neck of the femur 
while a combination of exercise inter-
ventions improves BMD at the spine.17 
The authors concluded that although 
exercises have a small effect on BMD, 
it is a safe and effective way to reduce 
bone loss in postmenopausal women.17 
Both the studies show that an exer-
cise program consisting of combination 
of exercises is effective in maintaining 
BMD. Therefore, a plan of care should 
include various exercises and a proper 
home exercise program. 

Another important aim of rehabilita-
tion is prevention of falls. Most of the 
fractures that occur in elderly people 
with osteoporosis are because of a fall. 
Hence, a physical therapist should iden-
tify patients who are at increased risk 
of falls. Certain outcome measures can 
be used to assess fall risk. Two of the 
most widely used scales are Falls Effi-
cacy Scale (FES) and Activities-specific 
Balance and Confidence Scale (ABC).18 
Falls efficacy scale measures self-efficacy 
at avoiding a fall during basic activities 
of daily living (ADLs) while ABC mea-
sures balance confidence during ADLs.18 
These scales can inform a therapist 
about the risk of fall. Then the therapist 
should further evaluate the patient to 
find the factors that can lead to a fall. 
These causes can be visual impairment, 
cognitive impairment, poor balance, 
poor strength in lower limbs, vestibular 
deficits, any medications and environ-
mental hazards.1 Chan et al19 performed 

a prospective cohort study to examine 
the relation among physical activity, 
physical performance, and incidence of 
falls in 5,995 community-dwelling older 
men. The authors19 found that increased 
risk of falling was associated with more 
physical activity, lower leg power and 
grip strength, and slower narrow-walk 
pace. They also found that fall risk was 
more with household activities than 
with leisure activities. Therefore, a plan 
of care should include exercises to im-
prove strength and balance in elderly 
people. Madureira et al20 conducted a 
RCT to study the effect of a 12-month 
balance training program on balance, 
mobility, and falling frequency in elderly 
women with osteoporosis. They found 
that balance exercises for one hour each 
week, and 30 minutes of home exercises 
3 times a week were effective in reducing 
risk of falls in elderly women with osteo-
porosis. Burke et al21 conducted a RCT 
to compare the effects of balance train-
ing associated with muscle strengthening 
or stretching in the postural control of 
elderly women with osteoporosis. Bal-
ance exercises were incorporated into 
strengthening and stretching exercises. 
Following an 8-week period of interven-
tion, authors found that balance exercis-
es along with strengthening or stretching 
program improved postural control in 
elderly women with osteoporosis. Along 
with proper exercises, environment 
modification is also necessary. These 
include minimizing clutter, providing 
supports like grab bars in bathtubs and 
toilet, improving lighting, and removing 
loose rugs to improve safety.1,5,22 Use of 
assistive devices like walkers and canes 
should be considered to improve bal-
ance.22  In addition, individuals with vi-
sual impairment, vestibular impairment, 
and cognitive impairment should be 
referred back to their physician. Certain 
medications like sedatives and psychoac-
tive medications need to be reviewed by 
the physician.22

Preventive measures are necessary in 
patients suspected of osteoporosis and 
those patients diagnosed with osteo-
porosis. However, patients diagnosed 
with osteoporosis should also receive ad-
ditional treatment to correct bone loss. 
Bone loss due to osteoporosis produces 
many symptoms in these individuals. 
Some of these symptoms are back pain, 
stooped posture due to loss of vertebral 
height, pain in the extremities, fracture 

of spine or hip, and respiratory impair-
ment.23 In osteoporosis, there is loss 
of bone mass. This leads to collapse of 
vertebral bodies. The most commonly 
affected region is the thoracic spine. As 
a result, there is anterior wedging of the 
thoracic bodies that increases kyphosis of 
the thoracic spine. This leads to stooping 
of posture and dowager’s hump in some 
individuals.23 It can also be the cause 
of back pain. Stooping of posture and 
dowager’s hump affects respiration. As a 
result, endurance is affected. Individuals 
with vertebral or hip fractures require 
hospitalization. Immobility associated 
with hospitalization in elderly patients 
also has a negative effect on the health 
of these elderly individuals. As a result, 
they become physically limited. This 
affects their QOL. Treatment of these 
individuals consists of reduction of bone 
loss, improving strength and endurance, 
improving mobility, and ultimately their 
QOL. Their treatment can again be 
categorized into medical care, nutrition, 
and rehabilitation. 

Medical care consists of use of phar-
macological treatments like hormone 
therapy, bisphosphonates, raloxifene, 
calcitonin, teriparatide, and combina-
tion therapy.1 Hormone therapy has been 
found to decrease bone loss.5 However, 
due to adverse events like stroke, breast 
cancer, venous thrombo-embolism, and 
coronary heart disease, it is used in 
small doses in selected postmenopausal 
women.1,5 Bisphosphonates like alendro-
nate, risedronate, ibandronate reduces 
bone loss by decreasing osteoclastic ac-
tivity.1,5 They have also been found to 
reduce vertebral fractures. Reginster et 
al24 conducted a RCT to determine 
the efficacy and safety of risedronate 
in the prevention of vertebral fractures 
in postmenopausal women with estab-
lished osteoporosis. The authors found 
that 5 mg of risedronate reduced the 
incidence of new vertebral fractures over 
a period of 3 years. It was also found 
that risedronate improved BMD at the 
lumbar spine in these women. Alendro-
nate is another bisphosphonate that is 
also used to improve BMD. According 
to one study,25 alendronate improved 
BMD of lumbar spine, femoral neck, 
and the total hip in postmenopausal 
women with osteoporosis. Bisphospho-
nates have also been found to improve 
BMD in secondary osteoporosis. Two 
studies show the effectiveness of iban-
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dronate in individuals with low BMD 
due to secondary causes.26,27 Hakala et 
al26 conducted a RCT that showed the 
efficacy of oral ibandronate in improv-
ing BMD in lumbar spine and total hip 
in postmenopausal women on gluco-
corticoids treatment for inflammatory 
rheumatic diseases. Another study found 
ibandronate to be effective in improving 
BMD in patients with osteoporosis and 
osteopenia following liver transplanta-
tion surgery.27 Another medication that 
is effective in osteoporosis is raloxifene. 
It is a selective estrogen receptor modu-
lator. It has an estrogen-like effect on 
bone, and it helps in maintaining bone 
density.1,5 It is also found to be effec-
tive in preventing vertebral fractures.28 
Calcitonin is another medication that 
is used in the form of a nasal spray to 
treat osteoporosis.1,5 It inhibits osteo-
clastic activity, thus preventing bone 
loss. Teriparatide is a recombinant hu-
man parathyroid hormone. It has an 
anabolic effect on the bone. It improves 
BMD by increasing bone formation.1,5 
All these medications when used alone 
have been found to improve BMD in 
elderly people with osteoporosis. How-
ever, when these medications are used in 
combination, they produce an additive 
effect on BMD.1,5 A RCT25 was con-
ducted to study the effects of raloxifene 
and alendronate on BMD in women 
with osteoporosis. The participants were 
divided into 3 groups. Two groups re-
ceived either raloxifene or alendronate. 
The third group received a combina-
tion of both medications. It was found 
that BMD improved in all the groups. 
However, the authors found the effect 
to be better in combination group.25 In 
addition to these medications; testoster-
one is used to improve BMD in older 
men.9 A physical therapist should have 
knowledge about these medications and 
adverse events associated with them. If 
a patient is not on medications, then he 
should be referred to his physician. The 
patients should also be educated about 
the need of these medications.

Nutrition and most of the rehabilita-
tion measures used in the prevention of 
osteoporosis should be used in patients 
diagnosed with osteoporosis. All patients 
diagnosed with osteoporosis should re-
ceive a diet that provides sufficient cal-
cium and vitamin D.1 In addition, other 
vitamins and minerals should also be 
included in the diet. Therefore, their 

diet should consist of dairy products, 
fruits and vegetables, cereals, salt water 
fish, and liver.1 Similar to nutrition, 
preventive measures used in rehabilita-
tion should also be used in patients 
diagnosed with osteoporosis. Along with 
improving BMD, another aim of reha-
bilitation is to address the symptoms 
associated with bone loss. Bone loss due 
to osteoporosis leads to anterior wedging 
of vertebra in the thoracic spine. As a re-
sult, there is thoracic kyphosis. Thoracic 
kyphosis can also be seen if the patient 
has sustained compression fracture of 
thoracic spine. Increased kyphosis may 
be associated with pain and reduced vital 
capacity. Physical therapy interventions 
should be directed at reducing kyphosis 
and improving respiratory capacity. Back 
extensor strengthening exercises have 
been found to reduce thoracic kyphosis 
and vertebral fractures that occur due to 
osteoporosis and aging.29 Manual mobi-
lization can be used to improve mobility 
in thoracic spine. Bautmans et al30 stud-
ied the effects of rehabilitation program 
on thoracic spine kyphosis, back pain, 
and quality of life in elderly female 
patients with osteoporosis. The reha-
bilitation program consisted of manual 
mobilization, taping, and exercises for a 
period of 3 months. It was found that re-
habilitation programs improved thoracic 
spine kyphosis. Therefore, a physical 
therapist can use manual mobilization to 
improve mobility in the spine. However, 
mobilization should be used with care 
in elderly patients with severe osteopo-
rosis and those with vertebral fractures. 
Improving mobility and strength of the 
spine can improve stoop posture.31 

Exercises done in a clinical setting 
are not enough. All elderly individu-
als should also be given an appropriate 
home exercise program (HEP) to main-
tain their trunk mobility and strength. 
Chien et al32 conducted a pilot study 
to test whether a home-based trunk-
strengthening program would improve 
trunk mobility, decrease functional im-
pairment, and improve QOL in post-
menopausal women. All participants 
were given a detailed description of 
exercises consisting of various trunk 
exercises. After a 12-week period of 
intervention, spinal ROM and QOL 
showed improvement in postmenopaus-
al women. It was also found that simple 
home-based trunk exercises were easy to 
follow and acceptable to postmenopaus-

al women with osteoporosis.32 Improve-
ment in mobility, posture, strength, and 
function brings about improvement in 
QOL of elderly people. Quality of life 
of individuals with osteoporosis can be 
assessed using specific questionnaires. 
Some of these questionnaires are Os-
teoporosis Quality of Life Question-
naires (OQLQ), Osteoporosis Function-
al Disability Questionnaire (OFDQ), 
Quality of Life Questionnaire of the 
European Foundation for Osteoporosis 
(QUALEFFO), 41- item QUALEFFO 
and 31item QUALEFFO.33 These ques-
tionnaires can be used to assess the effect 
of an intervention on QOL in individu-
als with osteoporosis.33 Bergland et al34 
conducted a RCT to study the effect 
of exercise and coping strategies for 
osteoporosis on mobility, balance, and 
quality of life in women with osteopo-
rosis and history of vertebral fracture. 
In this study, QUALEFFO-41 was used 
to assess QOL. The intervention period 
consisted of various balance exercises, 
postural exercises, and trunk and chest 
exercises. This was followed by a lesson 
on coping strategies for osteoporosis. 
After 3 months of intervention, authors 
found that QOL of the participant im-
proved. This improvement was also seen 
after a one year of follow-up period. All 
these studies29-34 show that exercises are 
important in patients with osteoporosis. 
Therefore, a physical therapist should 
make use of a combination of exercises 
in elderly patients with osteoporosis. 
The exercises should consist of breath-
ing exercises, mobility exercises, and 
strength training and endurance exer-
cises. Use of mobilization should also 
be considered after careful evaluation. 
To improve the carry-over effect of these 
exercises, all patients should be given an 
appropriate HEP. In this way, a physi-
cal therapist can improve the QOL of 
elderly individuals with osteoporosis.

Exercises are necessary to improve 
back strength. But individuals who are 
weak and frail may need additional 
help in maintaining their posture. In 
such cases, an appropriate orthosis can 
be used. Thoraco-lumbar orthoses can 
be used to maintain stabilization in 
individuals with or without vertebral 
fractures.29 Pfeifer et al35 conducted a 
randomized study to determine the ef-
ficacy of a newly developed spinal or-
thosis on posture, trunk strength, and 
QOL in postmenopausal women with 
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osteoporosis. Following 6 months of 
orthosis use, it was found that posture, 
trunk muscle strength, and QOL was 
improved. Although orthosis can be use-
ful in improving posture, they cannot 
be considered as a substitute for exercise 
and rehabilitation. 

Osteoporosis is a skeletal disorder 
leading to poor posture, limiting mobil-
ity, and functional impairment. This 
coupled with other diseases in the el-
derly population affects their QOL. A 
physical therapist should be aware that 
treatment of osteoporosis is a multi-
disciplinary approach. The patient, his 
family, the physician, the medical team, 
and the rehabilitation team should work 
together to help the patient. Treatment 
of osteoporosis requires a combination 
of medications, nutrition, and exercises. 
Exercises can be effective only if patient 
is on medications and receives proper 
nutrition. A single approach is not effec-
tive. Therapy should start with educat-
ing the patient about the disease process 
and its consequences. Following edu-
cation, preventive measures should be 
used. This includes fall prevention and 
environmental assessment to remove the 
hazards that can lead to a fall. Exercises 
should include various types of exercise 
to improve range of motion, strength, 
mobility, and endurance. In addition 
to exercises, patients should be given a 
HEP to carry-over the effects of exercise. 
In this way, a physical therapist can 
improve function and QOL of elderly 
individuals with osteoporosis.
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INTRODUCTION
Limb loss in the United States is a sig-

nificant health care concern in terms of 
patient mortality and morbidity and as-
sociated financial cost.1 Jindeel and Nara-
hara1 reported that the average length of 
stay (LOS) was more than double for 
nontraumatic lower extremity amputa-
tion (LEA) than for all other admissions 
with an estimated cost of 47 million at 
Harbor-UCLA Medical Center alone.1 
Even with the longer LOS and greater 
cost than for other admissions, the one- 
and 5-year mortality rates of 9.1% and 
25.6% respectively are high.1 The aver-
age age for diabetes-related amputation 
was 66 years and for nondiabetes-related 
amputation was 71 years.2 Among dia-
betics, the amputation rate increases with 
age from 3.9 per 1000 people with dia-
betes among people under age 65 to 6.6 
per 1000 people with diabetes among 
people 65-74 and 7.9 per 1000 people 
with diabetes among people 75 or older.2 
The age adjusted LEA rate was 28 times 
that of people without diabetes (5.5 per 
1000 people with diabetes vs. 0.2 per 
1000 people without diabetes).2 The 
subject in this case study is a 95-year-old 
male that underwent a primary trans-
tibial amputation on January 13, 2013, 
due to cellulitis and gangrene in LLE 
with peripheral vascular disease (PVD). 
The patient did not have diabetes. Past 
medical history included chronic ob-
structive pulmonary disease (COPD), 
benign prostatic hyperplasia (BPH), and 
hypothyroidism. 

The vascular surgeon treating FM 
offered the option of bypass surgery, 
however, due to low chance of success-
ful bypass surgery, the patient and his 
family elected to have the amputation to 
avoid a probable more lengthy hospital 
stay and risk for multiple salvage proce-
dures. Prior to surgery the patient lived 
with his spouse in a private home with 
intermittent assistance from family. FM 
was the primary caregiver of his wife. 
Prior level of function: subject was able 
to walk 3 blocks until one week prior 

CASE REPORT FOR FM 
A 95-YEAR-OLD MALE WITH PRIMARY TRANSTIBIAL 

AMPUTATION: AVOIDING AGEISM
Kenneth L. Miller, PT, DPT, CEEAA; Matt Flynn, CP, FAAOP

to surgery that supported the opinion 
that the patient had good potential to 
ambulate with a prosthesis. He was de-
termined to be a K1 ambulator with the 
ability to transfer and/or ambulate on 
level surfaces at fixed cadence. The pa-
tient was hospitalized for 14 days in the 
acute hospital before being transferred to 
the subacute rehab facility for 71 days.

REHABILITATION COURSE
At two weeks post-transtibial am-

putation surgery, the Skilled Nursing 
Facility began ace wrapping to control 
swelling and began shaping the residual 
limb as preparation for the prosthesis. 
The challenge of fitting a prosthesis early 
in the rehabilitation course is deciding 
when to create the socket as the limb 
volume fluctuates widely. However, the 
challenges of early fitting are far out-
weighed by the benefits of early fitting.

On 2/26/13, the patient was 6 weeks 
post-op with sutures in place, dry, intact 
and healed suture line. He was casted 
using a thin cast sock over the skin 
and 3 mm locking silicone liner. The 
limb was only slightly bulbous and the 
use of tension from the liner flattened 
the tissue to become cylindrical. The 
cast removed with ease and the patient 
tolerated the procedure well. A stump 
shrinker was introduced at that time. 
At this time, the physical examination 
revealed good strength (4/5) in bilateral 
upper extremities, bilateral hips in all 
planes of motion, and in bilateral knee 
flexors/extensors. FM did not have any 
functional limitations due to range of 
motion (ROM) in any extremities. FM 
had full knee extension and was able to 
extend his hips beyond neutral. There 
were no ROM limitations of the sound 
ankle; however, he had a heel ulcer from 
10 years past and was slightly sensitive. 
His sensation was intact to light touch 
throughout bilateral lower extremities.

On 2/28/2013, the patient was fit-
ted with a diagnostic clear socket for 
optimumal fit. He was fit over a 3mm 
locking liner, the fit was snug at that 
time and it was decided to finish the 

prosthesis. The plan for prosthesis fab-
rication and fitting was to fabricate the 
first prosthesis as early as healing would 
allow for early weight bearing which 
prevents disuse atrophy and promotes 
psychosocial adaptation and rehabili-
tation of the amputee.3 Additionally, 
immobilization affects neuronal motor 
function and an attenuated response to 
retraining in the older population.4

On 3/11/2013, the patient was fit 
with his first prosthesis. The prosthet-
ic design consisted of an endoskeletal 
design including “SACH” foot, total 
contact socket, flexible inner socket 
with rigid frame, alignable components, 
a locking mechanism, and suspension 
sleeve to reduce pin pressure from early 
use, lightweight carbon lamination, and 
3 mm locking liners.  This would be 
increased to 6 mm if the limb reduced 
beyond the use of stump socks and a 
soft outer cover completes the prosthe-
sis. Height and alignment were accom-
plished successfully due to the alignable 
components. The patient donned a thin 
one-ply cotton sock on the skin to 
reduce traction from the locking liner; 
the family was instructed to use this for 
only a week. The 3 mm liner was rolled 
on and both pin and suspension sleeve 
were used for suspension. The limb is 
still healing and use of a sleeve will re-
duce pin pressure. The patient was able 
to stand using a fixed walker and began 
a step to gait pattern. The patient was 
instructed to begin wearing the pros-
thesis daily for one hour in the morning 
and one hour in the afternoon. Within 
a 3-week period the patient was wearing 
his prosthesis for 6 hours daily and the 
increased sock thickness increased to 
3-ply as limb volume decreased.

The patient was treated in subacute 
rehabilitation for prosthetic training us-
ing a walker and was discharged on 
4/26/13. Home care service started the 
following day including: nursing, physi-
cal therapy, occupational therapy, social 
work, and home health aide services. 
The patient’s home care diagnoses in-
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cluded COPD, BPH (Foley catheter in 
place), below knee amputation, muscles 
weakness-general, abnormality of gait, 
acute URI, and urine retention. The 
home care physical therapy evaluation 
revealed that the patient did not have 
any complaints of pain or phantom 
sensation, ROM was full for knee exten-
sion LLE, strength of RLE = 4-/5 for 
knee extension and LLE  =3+/5 for knee 
extension. The patient was independent 
with bed mobility, required minimum 
assistance with sit-to-stand transfers and 
minimum assistance with ambulation 
using L below knee prosthesis and roll-
ing walker short distances of 30 feet. On 
reassessment 2 weeks later, the patients 
strength has improved in RLE to 4/5 
and patient was able to transfer self with 
supervision and perform the 30 second 
chair stand test5 using his arms and per-
formed 5 repetitions and reported hav-
ing an rate of perceived exertion score6 
of 7/10 indicating that the sit to stand 
activity was requiring more than mod-
erate effort. Upon discharge from PT 
4 weeks later, the patient’s strength has 
improved to 4+/5, transfers were inde-
pendent, Timed Up and Go score7 was 
42 seconds improved from being unable 
upon evaluation. Patient was ambulating 
75 feet x 3 with prosthesis and rolling 
walker independently and he was able to 
negotiate one step with contact guard.

CONCLUSION
FM, the subject in this case report, 

was a 95-year-old male when he under-
went primary amputation surgery. The 
outcomes achieved for this subject may 
not have been possible if not for the fact 

that the clinicians involved in FM’s care 
did not give into ageism and handicap 
his potential for improvement by pro-
viding him a lesser level of rehabilitative 
care. Additionally, with early prosthetic 
fitting the patient was able to maximize 
his rehabilitative potential. Psychosocial 
adaptation was maximized and disuse 
atrophy was minimized as were the 
negative effects of immobilization on 
neuronal motor function and an attenu-
ated response to retraining due to early 
fitting and weight bearing. 
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At Mayo Clinic, 
the education shield 
is considered one of 
the most important 
investments to sus-
tain our patient care 
mission today and 
into our future. This 
commitment may 

seem distant from the inherent primary 
focus on the patient, yet it truly brings 
excellence and quality to our patient care. 
The 5 schools within the Mayo Clinic 
College of Medicine offer multiple train-
ing programs that create an environment 
that fosters the highest quality of patient 
care by discovering and teaching tomor-
row’s medicine to health care and bio-
medical research professionals through 
life-long learning, and in a team-based 
environment. Learning opportunities in 
advanced specialty practices across a va-
riety of clinical settings throughout the 
Mayo Clinic system demonstrate Mayo’s 
commitment to clinical excellence and 
contribution to preparing health care 
providers for the future. 

The mission of the Mayo School of 
Health Sciences Physical Therapy Geri-
atric Residency is to provide a planned 
program of postprofessional clinical and 
didactic education that is designed to 
significantly advance the physical thera-
pist’s preparation as a provider and advo-
cate of services for geriatric clients.

Advanced clinical training and pro-
fessional development is mentored by 
Mayo Clinic faculty and staff with dem-
onstrated expertise and experience that 
exemplify the core values of physical 
therapy professionalism and patient care. 
Training of residents in this defined spe-
cialty area will prepare them for board 
certification examination. The resident 
will contribute to the field of geriatric 
physical therapy through knowledge, 
practice, and education. This develops 
an emerging clinical leader and advocate 
in geriatric care.  

Program Overview
The American Board of Physical 

Therapy Residency and Fellowship Edu-
cation (ABPTRFE) has credentialed the 

MAYO CLINIC ANNOUNCES PHYSICAL THERAPY 
GERIATRIC RESIDENCY IN ARIZONA

Kathryn Brewer, PT, GCS, MEd, CEEAA

Geriatric Residency Program effective 
10/31/13. 

2014-15  Calendar:
Admissions open		  1/1/14
Application deadline	 2/28/14
Admission decision date	 4/15/14
Program Start Date	 7/01/14
Program End Date	 6/26/15

The program profile is available on RF-
PTCAS: www.abptrfe.org/rfptcas 

For supplemental application materials – 
see www.mayo.edu/mshs/careers/physical-
therapy/physical-therapy-geriatric-residen-
cy-arizona/application-process 

Providing and advocating for the 
geriatric client is the central focus of the 
residency program. All of the goals and 
objectives are designed to best prepare 
the resident to provide this optimal 
care. All aspects of advanced clinical 
proficiency are designed to enhance and 
improve patient centered care though di-
dactic education, development of clini-
cal skills and experience, and promotion 
of professionalism in practice. The cur-
riculum is delivered completely within 
the Mayo Clinic organization. 

The course of study and clinical 
experience is designed in a logical man-
ner so that the resident flows through a 
variety of patient care settings while the 
didactic components serve to support 
the specific clinical areas in which the 
resident will be practicing. Each didactic 
component is described in scope related 
to care of the older adult. Course objec-
tives, instruction methods, readings, and 
resource links are all planned and clearly 
stated. All primary instructors hold aca-
demic rank in the Mayo Clinic College 
of Medicine. Collaboration from physi-
cian and other allied health care provid-
ers are included in the presentation of 
course materials. Methodology includes 
lecture, lab, observation of medical and 
surgical interventions, participation with 
patient and patient groups representing 
the variety of pathologies and condi-
tions presented by geriatric patients. 
BlackBoard is being used as the platform 

for communication and resources for the 
didactic curriculum.

Clinical skills training will occur 
daily as the resident engages in practice 
across the Mayo Clinic continuum of 
therapy services. Weekly sessions with 
board certified mentors will allow inves-
tigation of evaluation, diagnosis, prog-
nosis, treatment planning, and interven-
tion strategies on an individual level for 
depth and clarity. Clinical reasoning, 
self-reflection, and evidence-based prac-
tice will be emphasized. The resident-
mentor interaction is collaborative and 
collegial, underscoring two way com-
munications and providing opportunity 
to expand capacity and competence.

Professionalism will be stressed 
throughout the curriculum and resident 
experience. This will occur through role 
modeling of faculty and peer staff as 
well as opportunities to participate in 
a diverse practice environment. Regu-
latory issues will be addressed across 
practice settings as patient management 
strategies must meet variable criteria 
while accomplishing optimal clinical 
outcomes.  Ethics and values will be 
taught didactically as well as emphasized 
in all resident-patient interaction. Inter-
disciplinary teams consisting of a variety 
of allied health and physician special-
ties deliver team-based, patient-centered 
care. The Mayo professional network ex-
tends across the enterprise to campuses 
in Rochester MN and Jacksonville FL. 

The resident is expected to be suffi-
ciently prepared clinically, academically, 
and professionally to successfully achieve 
board certification at the conclusion of 
this program. At this time, we welcome 
inquiries and applications for the 2014-
15 curriculum year.

Program Highlights:
•  �Program length: 12 months/full time. 
•  �One resident accepted per curriculum 

year
•  �Stipend w/ benefits, no tuition. At-

tendance to one national conference. 
•  �70% patient care (geriatric caseload) 

– requires monthly weekend rotation

(Continued on page 27)
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(Continued from page 26)
•  �All faculty are Mayo Clinic AZ clini-

cal staff
•  �Didactic sessions are taught by clini-

cians holding academic rank in the 
Mayo Clinic College of Medicine as 
well as physicians and other allied 
health colleagues 

•  �Rotation between clinical sites: Acute/
critical care, IRF, OP, SNF/HH

•  �Mentors are clinicians who focus their 
practice in each setting and are neuro, 
ortho and geriatric board certified 
specialists.

•  �Opportunities to attend clinical 
rounds, observe specialty procedures, 
participate in care conferences and pa-
tient support groups and attend both 
intramural and extramural education 
offerings. 

•  �Simulation lab utilized for teaching, 
baseline performance and practical 
exams

The SOG Certified Experts for Aging 
Adults (CEEAA) program, co-chaired by 
Marilyn Moffat,PT, DPT, PhD, GCS, 
CSCS, CEEAA, FAPTA, and Karen 
Kemmis, PT, DPT, MS, GCS, CDE, 
CPRP, CEEAA, continues to be a huge 
success.  Since 2009, over 700 therapists 
have successfully completed the 3-course 
series, including the written and practi-
cal examinations to proudly use CEEAA 
after their name. The SOG would like 
to congratulate the following individuals 
who have completed the CEEAA series 
in 2013.

Therapists with the CEEAA creden-
tial demonstrate expert clinical decision-
making skills in: examining the aging 
adult in multiple areas; designing and 
applying efficient and effective exer-
cise prescriptions; and using the best 
evidence for exercise interventions for all 
aging adults.  Some of the top reasons, 
as stated by graduates, to obtain your 
CEEAA certification are to:

•  �Learn, practice, and utilize tests and 
measures with strong psychometric 
properties that scientifically measure 
outcomes in the areas of aerobic ca-
pacity, anthropometric characteristics, 
attention and cognition, gait and lo-
comotion, balance, motor function, 
muscle performance, posture, range 
of motion, sensory integrity, and ves-
tibular function.

•  �Expand your understanding of, fre-
quency, intensity, time, and type for 
exercise prescription based on science 
so that you know how to challenge 
your patients/clients to preclude them 
from sliding down the slippery slope 
of aging.

•  �Learn how to determine appropriate 
and safe intensity for all categories 
of exercise for your patients/clients 
regardless of diagnosis and practice 
setting.

•  �Practice and learn how to teach 
hundreds of different aerobic con-

ditioning/endurance, balance, body 
mechanics and postural stabilization, 
flexibility, gait and locomotion, and 
muscle performance training exercises 
that can be modified for any aging 
adult.

•  �Have the latest evidence for how 
and why exercise helps with many 
conditions, including: cancer, cardio-
vascular, endocrine, musculoskeletal, 
neuromuscular, cognitive, obesity, 
pulmonary, and renal diseases, disor-
ders, and conditions. 

•  �Have the knowledge and the assur-
ance that physical therapists are the 
professionals who are the key in im-
proving the health and fitness of our 
aging population.

Still considering taking the CEEAA 
course series?  See what your PT peers 
are saying about the CEEAA courses to 
help you decide:

•  �“This is by far the most beneficial 
course series of my professional career. 
Everything is applicable and relevant 
and so clinically oriented.  I was able 
to return to the clinic and apply the 
information immediately.”

•  �“Best Con-Ed course series I have 
taken. Very excited to be part of this 
profession again.”

•  �“This has been the best course. There 
is so much useful information. I wish 
every PT who works with the elderly 
could take this course.  We would 
change many lives.”

•  �“The comprehensive and exhaustive 
attention to evidence is incredible. 
The overall seriousness and enthusi-
asm of the team lends an air of urgen-
cy to the call for PTs to “GET WITH 
IT” in evaluating practice standards in 
our geriatric population.”

•  �“If this certification course hasn’t in-
creased my practice standards, noth-
ing will.”

The process to attain the CEEAA is 
to complete formal didactic education, 
and to participate in supervised and 
mentored skills development, home-
based reflection, and critical thinking. 
Three courses of two days address 3 dif-
ferent and increasingly complex aspects 
of exercise design and delivery. The 3 
courses are designed to build on each 
other; however, Courses 1 and 2 can be 
taken out of sequence.  If you have taken 
part of the series but have not completed 
it, please contact the Section office at 
866-586-8247 for information on how 
to complete your certification.

We have had sold out crowds, so 
don’t wait to sign up!  We look forward 
to seeing you at any of the 2014 sched-
uled series!  

If your site is interested in hosting 
this series, please contact Danille Parker, 
chair of the Regional Course Commit-
tee at Danille.parker@marquette.edu or 
414-288-3179.

Certified ExercisE Experts for Aging Adults
CongratulaTions Graduates!

Danille Parker, PT, DPT, GCS, CEEAA
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HUNTINGTON, WEST VIRGINIA GRADUATES

July 2013
Thank you to the School of Physical Therapy at Marshall University 

Theodora Barenholtz, PT,CEEAA
Donn Bergman, PT, DPT, CEEAA
Emma Brillantes Park, PT, CEEAA

Maryann W. Brock, PT, DPT, CEEAA
Emarjun Brucal, PT, MHA, CEEAA

Sheilah Vinco Buenaventura, PT, CEEAA
Karen Burgbacher, PT, CEEAA
Justin Chaffin, SPT, CEEAA

Chethan Kumar Akkur Channe Gowda, PT, DPT, CEEAA
Richhpal Chaudhary, PT, CEEAA

Tirupathi Chindam, PT, DPT, CEEAA
Mary E. Conley, DPT, CEEAA

Christina Cooper, PT, NCS, CEEAA
Janet Cross, PT, CEEAA

Paul DeCarli, PT, CEEAA
Renee DeJarnette, PT, MHS, CEEAA
Ella Dodi-Monk, PT, DPT, CEEAA
Ahmed Elokda, PT, PhD, CEEAA
Angela D. Ferguson, PT, CEEAA

Sheryl Finucane, PT, PhD, CEEAA
Sara Francois, PT, DPT, CEEAA

Susan Freyder, PT, CEEAA
Tamara N. Gravano, PT, DPT, GCS, CEEAA

Shenita D. Haynes, PT, DPT, CEEAA
Constance L. Johnson, PT, MS, CEEAA

Lindsey Johnston, PT, DPT, CEEAA
Craig Markowski, PT, MPT, CEEAA

Tara Maroney, PT, DPT, GCS, CEEAA
Lynne Marshall, PT, CEEAA

Connie Marsh-Bartle, PT, CEEAA
Scott R. Milliken, PT, CEEAA

Karina Minarczik, PT, DPT, COS-C, CPFT, CEEAA
Lora Mock, PT, CEEAA

Felino E. Muego, PT, CEEAA
Elizabeth Murphy, PT, DPT, CEEAA

Irene Myers, PT, DPT, CEEAA
Yashvanth Nagarajamurthy Kuderu, PT, DPT, CEEAA

William Pearce, PT, GCS,  MS, CEEAA
Helen A. Raymond, PT, BS, CEEAA

Ivan Salazar, PT, CEEAA
Jason Stubbs, PT, MPT, CEEAA

Trevor Swan, PT, CEEAA
Allison Swisher, PT, CEEAA

Joanie Thomas, PT, DPT, CEEAA
Madeline L. Versteeg, PT,CEEAA

Cami Watson, PT, CEEAA
Chara Whittemore, MSPT, CEEAA

Kristen Wolf, PT, DPT
Christina Zdilla, PT, DPT, CEEAA
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AUBURN, WASHINGTON GRADUATES AUGUST 2013

Thank you to Life Care Centers of America and the Physical Therapy  
Assistant Program at Green River Community College

Anjanette Ang, PT, CEEAA
Glenn Aricaya, PT, CEEAA

Terri Barrow, PTA
Barbara Bertucio, PT, CEEAA

Bruce Bradley, PT, CEEAA
Julie Burnett, PT, CEEAA
Nancy Burns, PT, CEEAA

Lanieline T. Carbungco, PT, CEEAA
Jenny Chang, PT, CEEAA

Cynthia M. Coffin-Greenig, PT, CEEAA
Amy Conrad, PT, CEEAA

April Jane G. Corros, PT,CEEAA
Jennifer Coulter, MPT, GCS, CEEAA

Michael Coussens, PT, CEEAA
Jennifer Dellinger, PT, CEEAA
Jeanne Dirksen, PT, CEEAA
Julie DiRusso, PT, CEEAA

Daniel English, DPT, CEEAA
Loriel May Fanunal, PT, CEEAA

Debra Fixman, PT, CEEAA
Jean L. Gibbons, PT, CEEAA
Lucy Glenn, PT, MS, CEEAA

Ann M. Green, PT, DPT, CEEAA
Barbara Hahn, PT, EdD, CEEAA

Dawn Hamman, PT, CEEAA
Denise Hansen, PT, CEEAA

Jake I. Hanson, PT, DPT, CEEAA
Sandra Harnden-Warwic, PT, GCS, CEEAA

Jessy Holdaway, PT, CEEAA
Lynde Howe, PT, CEEAA
Paula Hunt, PT, CEEAA

Francis Raymund Jarangue, PT, CEEAA
Stewart Louis Johnson, PT, CEEAA

Jongeun Yim, PT, CEEAA
Maria Geinah Labanero, DPT, CEEAA

Hannah Lanstrum, PT, DPT, CEEAA
Susan L. Lefever, CEEAA

Leslie Duff Lehman, PT, DPT, CEEAA
Rosemarie C. Luces, PT, CEEAA

Lori McCormick, PT, CEEAA
Margaret Moffatt, PT, CEEAA

Lisa Moore, PT, CEEAA
Jessica Kele Murdin, PT, CEEAA

Dean A. Myers, PT, CEEAA
Jean Myers, PT, GCS, CEEAA

Alicia Nowak, PT, CEEAA
Sue Parker, PT, CEEAA

Donette Parry, PTA
Honani Polequaptewa, PT, MPT, LMT, CEEAA

Marcia E. Powell, PT, DPT, CEEAA
Heather Ramsdell, MPT, CEEAA

Bryant T. Ransom, PT, DPT, CEEAA
Antonio Rodriguez III, PT, MCMT, CKTP, CEAS, CEEAA

Anne M K Schubert, PT, DPT, CEEAA
Susan Serbinski, PT, CEEAA

Sherry Simsuangco, PT, CEEAA
Patricia C. Slough, PT, CEEAA

Tamara Stanhope PTA
Laurie Swan, PT, PhD, DPT, CEEAA

Heidi Teachout, PT, CEEAA
Jennifer Templeton, PT, CEEAA
Julia A. Thompson, PT, CEEAA

Patricia P. Tobin, PT, CEEAA
Ingrid Van Anrooy, PT, DPT, CEEAA

Patricia Van Wagner, PT, GRCC, CEEAA
Julie A.Vernon, PTA

Jenny Wadman, PT, CEEAA
Barry Willis, MSPT, GCS, CEEAA

Conn Wittwer, PT, CEEAA
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CHICAGO, ILLINOIS GRADUATES

September 2013
Thank you to the Rehabilitation Department at Swedish Covenant Hospital

Bernardine Gemma Aguirre, PT, DPT, CEEAA
Tara Anderson, MPT, CEEAA

Annamarie Asher, PT, NCS, CEEAA
Debra S. Barrett, PT, GCS, CEEAA

Holly Batistick - Aufox, DPT, MS, NCS, CEEAA
Maria Concepcion A. Bautista, PT, DPT, CEEAA

Heidi Bell, PT, CEEAA
Sonja Bye, PT, DPT, CEEAA

Kahlil Calvo, RPT, GTC, CEEAA
Caroline Cipriano Hanneman, PT, DPT, CEEAA

Gwen Dani, MPT, CEEAA
Judith Daniel, MSPT, GCS, CEEAA

Jeffrey S. DeGroote, PT, CEEAA
Laura deMilt, PT, DPT, GCS, CSCS, CEEAA

Barbara Ehrmann, PT, DPT, CEEAA
Donna Gerber, PT, DPT, GCS, CEEAA

Seema Gurnani, DPT, CEEAA
Dr. Mary Elizabeth Guyette, PT, DPT, CEEAA

Barbara Hanley, PT, DPT, MS, CEEAA
Karen Henrickson, PT, CEEAA

Marilyn Holt, PT, MHS, GCS, CEEAA
Khadam Hussain, PT, DPT, CEEAA

Jessica Karasek, PT, CEEAA
Renjan Karottu, MPT, CEEAA

Denise Kearns-Legoo, PT, GCS, CEEAA
David Kelley, DPT, CEEAA

Leslie Kuhagen, PT, DPT, CEEAA
Molly Menge Maguire, PT, CEEAA

Yousif David Malik, PTA
Alexander O. Manuel, PT, CEEAA

Ramil D. Mendoza, PT, DPT, CEEAA
James C. Milder, PT, CEEAA

Maria Rheena B. Montes, PT, CEEAA
Kristen M. Moore, MPT, CEEAA

PriscillaMulesa, PT, MS, GCS, CEEAA
Abhi Munshi, PT, DPT, CEEAA

Melanie L. Navos, PT, DPT, CEEAA
Catherine O’Keeffe, MSPT, CEEAA
Angela Onyekanne, DPT, CEEAA

Maria Osborne, PT, CEEAA
Corinne Perry, PT, DPT, CEEAA

Jennifer Peterson, PT, CEEAA
Bhaskaran Raju Pillai, PT, CEEAA

Rachel Puda, DPT, CEEAA
Vesna Radjenovich, PT, CEEAA

Heather Rhoadarmer, PT, CEEAA
Karen S. Rudiger, MPT, CEEAA

Noe Santiago, PT, CEEAA
Mallory Schug, PT, DPT, CEEAA
Rafael Serrano, PT, DPT, CEEAA

Duncan A. Sharrits, PT, MHS, CEEAA
Jennifer Shetler, PT, CEEAA

Nicole Sleddens, PT, MPT, CEEAA
Polly Swingle, PT, CEEAA

Michelle Ugalde, PT, DPT, CEEAA
Victoria Vaillancourt, PT, MS, CEEAA
Leah G. Villanueva, PT, DPT, CEEAA

Cynthia M. Weinstein, PT, DPT, CEEAA
Staci Whitson, PT, CEEAA

Linda Yasukawa, PT, MS, CEEAA
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Section on Geriatrics - APTA
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2920 East Avenue South, Suite 200
La Crosse, WI  54601-7202

Section on Geriatrics, APTA
CSM 2014 Preconference Courses

– Each worth .8 CEUs –

Tai Chi Fundamentals: Program Level One
Sunday, February 2, 2014, 8 am – 5:30 pm  
Presenter: Kristi Hallisy, PT, DSc, OCS, CMPT, CTI

Mentoring: Residency & Fellowships
Monday, February 3, 2014, 8 am – 5:30 pm   
Presenters: Carol Jo Tichenor, PT, MA, FAAOMPT, 
Ivan Matsui, PT, BA, FAAOMPT, Gail Jensen, PT, PhD, 
FAPTA, and Greg Hartley, PT, DPT, GCS
Co-sponsored by the APTA Education Section

Tai Chi Fundamentals: Program Level Two
Monday, February 3, 2014, 8 am – 5:30 pm  
Presenter: Kristi Hallisy, PT, DSc, OCS, CMPT, CTI

Visit www.apta.org and click events to register today!

Course Space 
is Limited!


