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Assessing and Improving Mobility in Older Adults
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stablished in 1988, the VA
Ann Arbor Geriatric Research,
Education and Clinical Center
(GRECC) aims to expand knowledge
of aging and health systems through
research, apply this knowledge in clinical activities at the Ann Arbor VA Medical Center (VAMC), Ann Arbor, MI
and transmit it to health professionals
throughout VISN 11. Research in both
the basic science and clinical domains
focuses on aging, syndromes affecting
geriatric patients, and neuroscience;
additional domains involve health services and rehabilitation.
One particular avenue of rehabilitation research, mobility assessment
and improvement in older adults, has
brought the Ann Arbor GRECC into a
close partnership with the University
of Michigan (UM) Mobility Research
Center (MRC). Maximizing mobility—and, in particular, optimizing the
abilities to walk and to avoid falls—are
critical goals for enhancing the quality
of life of aging veterans.1

the mrc: An overview
The mission of the MRC, which is
located a few blocks from the Ann
Arbor GRECC and the UM north campus, is to assess and enhance mobility
and physical activity in older adults.
Researchers, staff, and trainees from
the Ann Arbor GRECC are closely
involved in MRC studies, often assuming leadership roles, and many of these
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studies recruit veteran participants
from the VA Ann Arbor Healthcare
System’s patient population.
The physical space of the MRC is
divided into several areas, including:
(1) a gait laboratory with an adjustable
force plate pit, an overhead safety harness system, an instrumented gait mat,
and an optoelectronic camera system
for kinematic and kinetic measurements; (2) a 60-ft walkway for walking
tests, such as the six-minute walk; (3)
dedicated areas for treadmill-based
peak oxygen uptake (VO2) tests and
muscle strength measurements (isokinetic dynamometry); (4) a separate
room for private medical history interviews and physical examinations; and
(5) a common area with rails for group
exercise activities.
The MRC leverages expertise from
a range of disciplines, such as geriatrics, biomechanics, exercise physiology, kinesiology, nursing, physical and
occupational therapy, and neuropsychology. Additionally, the MRC has
developed into a training center for
undergraduate, graduate, and junior
faculty members. GRECC-affiliated

trainees include medical students and
residents, geriatrics fellows (including
VA special fellows in aging), and junior
faculty members.
MRC projects receive funding support from a variety of sources, including the VA Office of Research and
Development (R&D), especially the VA
Rehabilitation R&D (RR&D) program;
the National Institute on Aging (NIA);
and such organizations as the Hartford
Foundation and the American Diabetes
Association. This support has included
a number of research career development awards for MRC investigators.

highlights of MRC-GRECC
research
The MRC began investigating how
older adults rise from a chair or a bed,
as well as how they rise from the floor,
through studies largely funded by the
VA’s RR&D Merit Review Program.
Subsequent, controlled interventions
demonstrated that task-specific training (that is, training on submovements
of the task), either with or without
a resistance component, improved
the ability of mobility-impaired older
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adults to rise from the aforementioned
positions (Table).2–4 This theme of
task-specific mobility assessment and
intervention is carried through in a
number of studies.
The MRC’s efforts in postural control and fall risk reduction are highly
relevant for aging veterans. Postural
control projects have included the
development of two new assessments:
(1) the maximal step length (MSL)
test, a measure of volitional stepping
in various directions, and (2) trunk
reposition errors (TREs), a measure of
trunk position sense.
Two studies demonstrated that the
MSL test was strongly associated with
the risk of falling and with other tests
of balance and disability.5,6 In another,
NIH-funded, randomized trial comparing dynamic balance and stepping
training to tai chi, the MSL test was
used as one of the key indicators of
improvement.7 Ten weeks of the combined balance and step training resulted
in significantly greater improvements
in functional mobility (as measured
by the timed up and go test, as well as
the MSL) than did 10 weeks of tai chi.7
The major clinical implication of this
study is that balance training for fall
avoidance may need to be focused specifically on rapid, dynamic body (and
stepping) responses.
On the other hand, the slower
dynamic training of tai chi may allow
for the inclusion of participants who
have been previously excluded from
mobility-related research studies, such
as patients with cognitive impairment.
Accordingly, a trial of tai chi training
in older adults with Alzheimer disease
(AD) is underway, using the AD participants’ caregivers to assist in providing
the training. The tai chi in AD program
is part of a clinical demonstration project for the Ann Arbor GRECC, and will
begin with a VA cohort using recently
awarded VISN 11 funding.
TREs are good indicators of balance
impairment,8 especially when used in
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Table. Clinical implications of
Mobility Research Center studies2–11,16,17
• Interventions to improve functional mobility (such as rising from a
chair, a bed, or the floor) should be task-specific (i.e., involving submovements of the task).2–4
• Interventions to reduce fall risk also can be task-specific, involving
dynamic balance and stepping training.7
•Q
 uantifiable tests of stepping and trunk stability may provide
additional information regarding overall postural control and fall
risk.5–9
•T
 ests of cognitive demand embedded into walking tasks may indicate
the extent to which cognitive impairment may affect risk of falling
while walking.10,11
•W
 alking tests at submaximal aerobic load may be good indicators
of functional mobility in older adults, particularly when used with
analyses of oxygen uptake kinetics.16
•S
 elf-reported fatigue may be an important contributor to physical
activity, particularly in those reporting pain with activity.17
patients who have peripheral neuropathy (PN) secondary to impaired glucose tolerance (IGT).9 These errors are
the basis of a newly funded VA RR&D
study, which is being conducted in collaboration with the Baltimore VAMC,
Baltimore, MD to reduce impairment in
IGT-related PN.
MRC research is also working
toward advancing our understanding of

adults.10,11 These tests may simulate
older adults’ ability to negotiate walking hazards in their environment and
to deal with fall risk.
Projects in the MRC gait laboratory
have focused on the biomechanical
requirements underlying the MSL and
other tests of stepping,12–14 as well as
those underlying stooping, crouching, and kneeling.15 Findings point

Balance training for fall avoidance may need to be
focused specifically on rapid, dynamic body (and
stepping) responses.

the influence of cognitive impairment
on walking and stepping performance.
Using a walkway embedded with a
neuropsychological task of visual processing, the Trails A and B tests, MRC
investigators have observed significant
performance deficits in older adults—
particularly those with executive function deficits—compared with younger

SEPTEMBER 2008

toward decrements in hip and knee
function, altered postural adjustments,
and decreased control of the torso
and momentum as sources of agerelated alterations in the performance
of stepping and bending activities.
These studies were conducted in collaboration with the UM Biomechanics
Research Laboratory.
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A new area of research, which is
being funded by the VA’s Clinical
Science R&D and RR&D programs
and conducted in collaboration with
the Minneapolis GRECC, Minneapolis,
MN, involves the assessment of aerobic
function and the use of aerobic training to improve functional mobility
and physical activity. Measures of VO2
kinetics prior to and after a submaximal exercise load appear to predict
functional mobility as well as peak
VO2 measurement during a maximally
graded treadmill, especially in mobilityimpaired older adults (Figure).16 These
types of measurements are particularly
useful in patients with congestive heart
failure (CHF), whose VO2 during a
submaximal task, such as the sixminute walk, approaches their levels
measured during a maximal treadmill
test. These findings have served as the
basis for randomized, clinical trials of
functional circuit training in older
adults with CHF and with type 2 diabetes mellitus that are being led by research scientists from the Ann Arbor
GRECC. Given the high prevalence of
type 2 diabetes and CHF in the older
veteran population, Ann Arbor VA
Health Services R&D Quality Enhancement Research Initiative databases were
used to boost recruitment of veteran
participants for these studies.
Subjective and objective physical
activity are becoming key outcome
parameters in MRC studies and are
particularly relevant for VA initiatives,
such as the Managing Overweight and/
or Obesity for Veterans Everywhere
(MOVE!) program. Of particular interest is the model developed by Ann
Arbor GRECC research scientists on
the relationship between actigraphmeasured physical activity and selfreported pain in osteoarthritis of the
leg, which is likely mediated by selfreported fatigue.17 A newly funded VA
RR&D initiative will expand the study
of fatigue and its relationship to physical activity. GRECC faculty also led

Figure. Oxygen kinetics in a healthy older woman (left) and a mobility-impaired older
woman (right) in response to a bout of submaximal exercise (walking on a treadmill for
6 min at 1 mph). With age and increasing disability, the kinetics for oxygen uptake are
delayed and the time constant related to deficit increases. In the impaired older adult, the
oxygen deficit at the onset of exercise is greater and results in a longer time constant.
As a result of this increase in oxygen deficit, the impaired older adult incurs an increase
in oxygen debt during recovery, also with a longer time constant. Figure reprinted from:
Alexander NB, Dengel DR, Olson RJ, Krajewski KM. Oxygen-uptake (VO2) kinetics and
functional mobility performance in impaired older adults. J Gerontol A Biol Sci Med
Sci. 2003;58(8):734–739.16 Copyright © 2003 The Gerontological Society of America.
Reproduced by permission of the publisher.

a bath transfer study, in which older
adults bathing independently exhibited
unsafe utilization of their bathing environment and objective difficulties in
transfer performance.18
The MRC has long been involved
in muscle strength testing, particularly
in the leg—and, most recently, in the
hip.19 Interest in studying ways to augment standard resistance training has
led to studies of leg power training.
A leg press training device has been
developed, with ongoing randomized,
controlled studies comparing lengthening (eccentric) contraction training to
shortening (concentric) contraction
training in older adults.

in summary
The MRC provides a unique environment for educating GRECC and other
VA trainees in research on mobility
in older adults. This environment is
enriched with projects that are relevant

for the aging veteran, as evidenced by
the long history of VA Merit Review
grant support as well as participation of
the veterans themselves in the projects.
Innovative assessments and interventions developed at the MRC hold
promise to be translated into quality
of life enhancements for aging veterans. Moreover, the experience gained
by Ann Arbor GRECC clinicians and
researchers in working with the MRC
have helped to make this VA institution
a major resource for mobility assessment and improvement nationwide. ●
Acknowledgments
The author acknowledges primary support of the VA R&D Service, as well as
support from the NIA Michigan Claude
Pepper Older Americans Independence
Center (AG08808 and AG024824),
the AARP-Andrus Foundation, the
Hartford Foundation/American
Federation for Aging Research, and the
Continued on page 51

SEPTEMBER 2008

•

FEDERAL PRACTITIONER

•

45

CHLORINE EXPOSURE

References

1.  E vans RB. Chlorine: State of the art. Lung.
2005;183(3):151–167.
2.  Agabiti N, Ancona C, Forastiere F, et al. Short term
respiratory effects of acute exposure to chlorine due
to a swimming pool accident. Occup Environ Med.
2001;58(6):399–404.
3.  Parimon T, Kanne JP, Pierson DJ. Acute inhalation
injury with evidence of diffuse bronchiolitis following chlorine gas exposure at a swimming pool.
Respir Care. 2004;49(3):291–294.
4.  Torén K, Blanc PD. The history of pulp and paper
bleaching: Respiratory-health effects. Lancet.
1997;349(9061):1316–1318.
5.  Chlorine (MEDITEXT Medical Management). In:
TOMES System [database online]. Greenwood
Village, CO: Thomson Heathcare. Updated periodically. http://www.thomsonhc.com/hcs/librarian.
Accessed August 27, 2008.
6.  Langford RE. Introduction to Weapons of Mass Destruction: Radiological, Chemical and Biological.
Hoboken, NJ: John Wiley & Sons; 2004.
7.  UnitedNations Monitoring, Verification and Inspec-

8.

9.

10.

11.

tion Commission. Twenty-ninth Quarterly Report on
the Activities of the United Nations Monitoring, Verification and Inspection Commission in Accordance with
Paragraph 12 of Security Council Resolution 1284
(1999). New York, NY: United Nations; 2007:2.
http://www.un.org/Depts/unmovic/new/documents
/quarterly_reports/s-2007-314.pdf. Accessed July
24, 2008.
 Eshel D. Chlorine gas attacks: Paradigm in unconventional terror. Defense Update. March 22, 2007.
http://www.defense-update.com/newscast/0307
/analysis/analysis-220307.htm. Accessed July 21,
2008.
 Urbanetti JS. Battlefield chemical inhalation injury. In: Loke J, ed. Pathophysiology and Treatment
of Inhalation Injuries. New York, NY: Marcel Dekker;
1988:281–348.
 Institute for Biosecurity, Saint Louis University
School of Public Health. Chemical terrorism fact
sheet: Chlorine. http://www.bioterrorism.slu.edu
/Pulmonary/quick/chlorine.pdf. Accessed July 23,
2008.
 Traub SJ, Hoffman RS, Nelson LS. Case report and
literature review of chlorine gas toxicity. Vet Hum

Toxicol. 2002;44(4):235–239.
12.  Douglas WW, Colb TV. Fume related bronchiolitis
obliterans. In: Epler GR, ed. Diseases of the Bronchioles. New York, NY: Raven Press; 1994:204–206.
13.  Sexton JD, Pronchik DJ. Chlorine inhalation: The
big picture. J Toxicol Clin Toxicol. 1998; 36(1–2):87–
93.
14.  Health Protection Agency. HPA compendium of
chemical hazards: Chlorine. Key points. http://www.
hpa.org.uk/chemicals/compendium/chlorine/health.
htm. Accessed July 23, 2008.
15.  Schwartz DA, Smith DD, Lakshminarayan S. The
pulmonary sequelae associated with accidental inhalation with chlorine gas. Chest. 1990;97(4):820–
825.
16.  Chester EH, Kaimal J, Payne CB Jr, Kohn PM.
Pulmonary injury following exposure to chlorine
gas. Possible beneficial effects of steroid treatment.
Chest. 1977;72(2):247–250.
17.  Aslan S, Kandiş H, Akgun M, Cakir Z, Inandi T,
Görgüner M. The effect of nebulized NaHCO3
treatment on “RADS” due to chlorine gas inhalation. Inhal Toxicol. 2006;18(11):895–900.

ADVANCES IN GERIATRICS
Continued from page 45

Dorothy and Herman Miller Fund for
Mobility Research in Older Adults. He
is also a recipient of a K24 Mid-Career
Investigator Award in Patient-Oriented
Research AG109675 from the NIA.
Author disclosures
The author reports no actual or potential conflicts of interest with regard to
this column.
Disclaimer
The opinions expressed herein are those
of the author and do not necessarily
reflect those of Federal Practitioner,
Quadrant HealthCom Inc., the U.S.
government, or any of its agencies.
This article may discuss unlabeled or
investigational use of certain drugs.
Please review complete prescribing
information for specific drugs or drug
combinations—including indications,
contraindications, warnings, and adverse effects—before administering
pharmacologic therapy to patients.

References

1.  Alexander NB, Goldberg A. Common gait disorders:
A clinical overview. In: Hausdorff J, Alexander NB
eds. Evaluation and Management of Gait Disorders.
Boca Raton, FL: Taylor and Francis; 2005.
2.  Alexander NB, Galecki AT, Grenier ML, et al. Taskspecific resistance training to improve the ability of
activities of daily living–impaired older adults to
rise from a bed and from a chair. J Am Geriatr Soc.
2001;49(11):1418–1427.
3.  Alexander NB, Gross MM, Medell JL, Hofmeyer
MR. Effects of functional ability and training on
chair-rise biomechanics in older adults. J Gerontol A
Biol Sci Med Sci. 2001;56(9):M538–M547.
4.  Hofmeyer MR, Alexander NB, Nyquist LV, Medell
JL, Koreishi A. Floor-rise strategy training in older
adults. J Am Geriatr Soc. 2002;50(10):1702–1706.
5.  Medell JL, Alexander NB. A clinical measure of
maximal and rapid stepping in older women.
J Gerontol A Biol Sci Med Sci. 2000;55(8):M429–
M433.
6.  Cho BL, Scarpace D, Alexander NB. Tests of stepping as indicators of mobility, balance, and fall risk
in balance-impaired older adults. J Am Geriatr Soc.
2004;52(7):1168–1173.
7.  Nnodim JO, Strasburg D, Nabozny M, et al. Dynamic balance and stepping versus tai chi training
to improve balance and stepping in at-risk older
adults. J Am Geriatr Soc. 2006;54(12):1825–1831.
8.  Goldberg A, Hernandez ME, Alexander NB. Trunk
repositioning errors are increased in balance-impaired older adults. J Gerontol A Biol Sci Med Sci.
2005;60(10):1310–1314.
9.  Goldberg A, Russell JW, Alexander NB. Standing
balance and trunk position sense in impaired glucose tolerance (IGT)-related peripheral neuropathy.
J Neurol Sci. 2008;270(1–2):165–171.
10.  Alexander NB, Ashton-Miller JA, Giordani B, Guire
K, Schultz AB. Age differences in timed accurate

11.

12.

13.

14.

15.

16.

17.

18.

19.

stepping with increasing cognitive and visual demand: A walking trail making test. J Gerontol A Biol
Sci Med Sci. 2005;60(12):1558–1662.
 Persad CC, Jones JL, Ashton Miller JA, Alexander NB, Giordani B. Executive function and gait in
older adults with cognitive impairment. J Gerontol A
Biol Sci Med Sci. In press.
 Schulz BW, Ashton-Miller JA, Alexander NB. Compensatory stepping in response to waist pulls in
balance-impaired and unimpaired women. Gait
Posture. 2005;22(3):198–209.
 Schulz BW, Ashton-Miller JA, Alexander NB. A
kinematic analysis of the rapid step test in balanceimpaired and unimpaired older women. Gait Posture. 2007;25(4):515–522.
 Schulz BW. Ashton-Miller JA. Alexander NB. Maximum step length: Relationships to age and knee
and hip extensor capacities. Clin Biomech (Bristol,
Avon). 2007;22(6):689–696.
 Hernandez ME, Murphy SL, Alexander NB. Characteristics of older adults with self-reported stooping,
crouching, or kneeling difficulty. J Gerontol A Biol
Sci Med Sci. 2008;63(7):759–763.
 Alexander NB, Dengel DR, Olson RJ, Krajewski
KM. Oxygen-uptake (VO2) kinetics and functional
mobility performance in impaired older adults. J
Gerontol A Biol Sci Med Sci. 2003;58(8):734–739.
 Murphy SL, Smith DM, Alexander NB, Clauw DB.
The impact of momentary pain and fatigue on
physical activity in women with osteoarthritis. Arthritis Care Res. In press.
 M urphy SL, Nyquist LV, Strasburg DM, Alexander NB. Bath transfers among older adult
congregate housing residents: Assessing the person-environment interaction. J Am Geriatr Soc.
2006;54(8):1265–1270.
 Dean JC, Kuo AD, Alexander NB. Age-related
changes in maximal hip strength and movement speed. J Gerontol A Biol Sci Med Sci.
2004;59(3):286–292.

SEPTEMBER 2008

•

FEDERAL PRACTITIONER

•

51

