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he Effects of Hip and Ankle Stretching on Gait Function
f Older People

ory L. Christiansen, PT, PhD
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ABSTRACT. Christiansen CL. The effects of hip and ankle
tretching on gait function of older people. Arch Phys Med
ehabil 2008;89:1421-8.

Objective: To examine effects of hip and ankle stretching on
ait function of older people.
Design: Randomized controlled trial.
Setting: Flexibility training was performed in participants’

omes. Assessments were performed in a biomechanics labo-
atory.

Participants: Forty healthy volunteers (mean age � SD,
2.1�4.7y) randomized to 2 groups: intervention (n�20) and
ontrol (n�20).

Intervention: Intervention participants performed an
-week stretching program, and control group participants
aintained activity level for 8 weeks. One investigator made
eekly visits to instruct and monitor participants.
Main Outcome Measures: Primary outcome measures were

assive joint motion for hip extension and ankle dorsiflexion
nd freely chosen gait speed. Secondary outcome measures
ere gait parameters during freely chosen gait speed and set
ait speed walking (stride length, joint displacement).
Results: Compared with the control group, the intervention

roup had increased combined hip and knee motion (P�.023),
nkle motion (P�.020), and freely chosen gait speed
P�.016). The intervention group showed statistically nonsig-
ificant trends of increased stride length at freely chosen gait
peed and set gait speed.

Conclusions: Findings suggest joint motion is a modifiable
mpairment that is effectively targeted with flexibility training
or older people. Participants in the intervention group had
mprovements in joint motion as well as increased freely cho-
en gait speed. Mechanisms responsible for changes in freely
hosen gait speed warrant further investigation.

Key Words: Aged; Biomechanics; Exercise; Gait;
ehabilitation.
© 2008 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

GE-ASSOCIATED DECLINE in freely chosen gait
speed, typically noticeable by the sixth decade of life,1 is

n indicator of abilities during daily function2 and risk of falls3

n older people. Thus, determining causes of decline in freely
hosen gait speed is of interest for promotion of functional

From the Physical Medicine and Rehabilitation Department, University of Colo-
ado Denver, Aurora, CO.

No commercial party having a direct financial interest in the results of the research
upporting this article has or will confer a benefit upon the author or upon any
rganization with which the author is associated.
Correspondence to Cory L. Christiansen, PT, PhD, Physical Therapy Program,

niversity of Colorado Denver, Mailstop C244, PO Box 6508, Aurora, CO 80045,
-mail: cory.christiansen@uchsc.edu. Reprints not available from the author.
0003-9993/08/8908-01027$34.00/0
doi:10.1016/j.apmr.2007.12.043
ndependence and quality of life of older people. Decreased
reely chosen gait speed is associated with changes in stride
ength,4,5 joint angular displacement,3,6 and joint moment and
echanical power production.7-9 Various factors, including

esire to walk with a more stable gait,7 desire to limit force
bsorption at the joints,5,7 maximization of walking economy,5

nd global alteration of motor pattern,9 have been postulated to
reate decline in freely chosen gait speed with aging. Another
ossibility receiving much attention is that freely chosen gait
peed is limited by specific impairments of body structure and
unction.4,10-12

Examinations of persistent differences between age groups in
ait parameters when subjects walk at similar speeds have pro-
ided insight into possible impairments related to decline in freely
hosen gait speed. For example, joint moment and power produc-
ion during stance differ between younger and older subjects and
he difference is persistent across gait speeds.4,7,9,13,14 Specifically,
here is a redistribution of relative magnitudes of joint moments
nd powers reflected as an increase at the hip and decreases at the
nee and ankle.9 This change may reflect age-associated impair-
ent of neuromuscular function at the ankle that is compensated

or at the hip to maintain propulsion of the leg for swing.8,9

Differences in peak hip and ankle angular displacements
uring gait are also persistent between younger and older
eople across gait speeds.3,4,9,13,14 It has been established that
eak hip extension4,9,14 and ankle plantarflexion4,9,13,15 dis-
lacement during gait are lower in older versus younger people
alking at the same speed. In addition, peak ankle dorsiflexion
isplacement during gait has been identified as a key discrim-
natory measure between low-performing and high-performing
roups of independently living older people.6

Several researchers have suggested that age-associated gait
hanges in joint moment and power, as well as angular dis-
lacement, are directly related to limitations in joint ROM.3-6,16

n support of this idea is the observation that declines in peak
ip and ankle joint motion occur at similar ages as declines in
reely chosen gait speed.17-19 Because joint ROM is modifiable
hrough nonstrenuous flexibility training, targeting it as an
mpairment related to altered gait function with aging is ap-
ealing.
While flexibility training has been established as a promising

ntervention for improving freely chosen gait speed of older
eople, findings have not been definitive.20-22 DiBenedetto et
l20 examined the effects of an 8-week yoga program with
lder adults (including hip stretching) with a single group,
re-post test study design. Although no significant increase in
reely chosen gait speed was observed after the yoga interven-

List of Abbreviations

ANOVA analysis of variance
CI confidence interval
ICC intraclass correlation coefficient
MTPJ metatarsophalangeal joint

ROM range of motion

Arch Phys Med Rehabil Vol 89, August 2008

mailto:cory.christiansen@uchsc.edu


t
w
i
h
w
d
s
H
s
t
i
d
d
8

i
a
c
e
m
e
t
n
fl
m
s

o
g
a
f
v
m
e
e
s

P

e
i
a
s
c
t
w

a
t
t
s
t
t
c

d
a
o
d
m
b
i
a

c
t
s
1

I

fl
s
h
f
s
o
m

o
s
s
a

F
i

1422 FLEXIBILITY TRAINING WITH OLDER PEOPLE, Christiansen

A

ion, increased stride length and hip extension displacement
ere noted.20 Kerrigan et al,21 using a double-blind, random-

zed controlled trial design, examined the effects of a 10-week
ip extension stretching program on older adult gait. Along
ith trends of increase in muscle performance and joint angular
isplacements, a trend toward increase in freely chosen gait
peed was seen after the hip stretching program (1.19–1.23m/s).21

owever, no significant improvement in freely chosen gait
peed has been reported as a result of flexibility training. In
erms of maximal gait speed, Gajdosik et al,22 using a random-
zed controlled trial design, identified a decrease in times
uring a fast 10-m walk related to increases in peak ankle
orsiflexion motion in older women after participation in an
-week ankle flexibility program.
Examination of flexibility activities for older adults is also of

nterest because of the known decrements in joint motion
ssociated with aging.17-19 While systematic reviews have con-
luded that there is insufficient evidence to show a beneficial
ffect of stretching on injury risk and movement perfor-
ance,23,24 it is well established that chronic stretching can

ffectively increase joint ROM.21,22,25 The increased joint mo-
ion after stretch training has been attributed to mechanical and
eural factors as well as tolerance to stretch.26,27 Because
exibility activities have shown promise for increasing joint
otion during older adult gait, it seems reasonable that gait

peed may be positively influenced.
The purpose of the present study was to examine the effects

f a hip and ankle static stretching program on freely chosen
ait speed of healthy, community-dwelling older people not
ctive in exercise. The primary hypothesis was that increased
reely chosen gait speed would occur after the stretching inter-
ention, accompanied by increases in passive hip and ankle
otion. Secondarily, measures of stride length, peak thigh

xtension, and peak ankle dorsiflexion during walking were
xamined at both freely chosen gait speed and controlled gait
peed.

METHODS

articipants
A sample size estimate was calculated28 on the basis of

stablished recommendations indicating a meaningful change
n gait speed to be .10m/s with an estimated SD of .16m/s.29 At
power level of .80 and � level of .05, the calculated sample

ize required for identifying a significant change in freely
hosen gait speed was 18 participants a group. On the basis of
his estimate, a conservative goal of 20 participants a group
as established.
Recruitment was made via verbal and written announcement

t community functions, on written approval from host insti-
utions. Volunteers agreed to participate by signing up at the
ime of announcement or calling to set an appointment. Neither
ubject nor recruiter had knowledge of group assignment prior
o the subject’s agreement to participate. The university insti-
utional review board approved the study, and written informed
onsent was obtained from all participants.

Volunteers were deemed ineligible if they were not in the
esired age range, had diagnoses or symptoms of unstable
ngina or congestive heart failure, had a history of chronic
bstructive pulmonary disease, had a history of neurologic
iagnoses, had joint or musculoskeletal pain that limited move-
ent within the previous month, had a diagnosed gait or

alance disorder, had a history of recurrent falling, participated
n formal exercise during the previous 6 months, or used an

ssistive device for walking. i

rch Phys Med Rehabil Vol 89, August 2008
Two groups were used for the study: an intervention and a
ontrol group. Blocked random assignment to groups was used
o ensure comparable group sizes. This was achieved by blind
election of numbers from a pool of numbers 1 to 40 (numbers
–20, intervention group; numbers 21–40, control group).

ntervention
The intervention group received an 8-week hip and ankle

exibility program for both lower extremities. Two static
tretches were employed in the training (fig 1). Stretches for the
ip21 and ankle17,22 had previously been established to be
easible and safe for similar samples of older people. Both
tretches were performed with participants holding onto a table
r counter for balance support and shifting their weight until a
aximal tolerable stretch was felt in the desired region.
Both stretching positions were held 45 seconds and repeated

n each lower extremity 3 times, alternating sides with each
tretch. The result was a total of 9 minutes (540s) of stretch a
ession, into hip extension for 2.25 minutes (135s) and into
nkle dorsiflexion for 2.25 minutes (135s). Stretches of similar
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ig 1. (A) Hip extension and (B) ankle dorsiflexion stretching activ-
ties as presented in the handout provided to participants in the

ntervention group.
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uration have been shown to be effective for increasing motion
f lower-extremity joints in older people.20-22 Participants were
nstructed to perform the stretches twice daily at home for an
-week period. Initial education of the intervention group par-
icipants was approximately 15 minutes. Before beginning the
ome program, each participant demonstrated ability to per-
orm the stretches properly at the testing site under supervision.

A log worksheet was provided to each participant to record
tretching activity. Participants were also given illustrated
andouts (see fig 1) that included written instruction to assist
ith the home stretching program.
The control group was not instructed on an intervention at

he time of initial assessment. Participants in this group were
old that instruction on a stretching program would be provided
o them after 8 weeks of maintaining their current level of
hysical activity. At the end of the 8 weeks, after the second
ssessment was made, participants in the control group were
nstructed on the same stretching protocol as the intervention
roup.
Weekly visits were made by the primary investigator to

ndividual participants in both groups. For the intervention
roup, the purpose was to supervise the stretching activities in
he participants’ homes and provide instruction as needed.
isits to control group members were made to assure that no

hanges in physical activity were made.

oint ROM
Measurements of maximal passive joint motion were made

sing a universal manual goniometera with 35.6-cm (14-in)
rm lengths and 1° increments. Each measurement required 2
esters and was repeated twice to allow evaluation of intratester
eliability. During the trials, the tester aligning the goniometer,
he same person administering the intervention, was blinded
rom measurement values by having the instrument reversed so
hat no angle markings were visible. The second tester read and
ecorded all goniometer measures. The right lower extremity
as assessed for each participant. The mean of the 2 measure-
ents served as the joint motion value for each participant.
Measurement of hip extension motion was made based on

he traditional Thomas test position30 with the participant su-
ine with the hip allowed to extend over the edge of a plinth.
his measurement of hip extension flexibility is influenced by

he multijoint hip flexor muscle-tendon units. The iliopsoas,
ectineus, adductor longus, adductor brevis, rectus femoris,
ensor fasciae latae, and sartorius are the primary hip flexor
uscles.31 Of these, the iliopsoas, rectus femoris, tensor fasciae

atae, and sartorius cross joints other than the hip so that
ositioning of peripheral joints must be considered during
easurement. Length of the iliopsoas was controlled by posi-

ioning the lumbar spine, the proximal attachment site, in a
tandard position with participants maintaining their back po-
itioned flat on the plinth. The other multijoint hip flexor
uscle-tendon units cross the knee and were accounted for by
easurement of the knee angle association with peak hip

xtension. Thus, controlling lumbar position and measuring
nee angular position accounted for the influence of multijoint
uscle-tendon units.
Maximum ankle dorsiflexion motion was assessed with the

articipant supine and the knee fully extended. The knee ex-
ended position was intended to lengthen the gastrocnemius
uscle-tendon unit maximally at the knee and ankle, making it

he primary limiting factor for ankle motion.30 Knee position
as controlled during dorsiflexion testing by placing it in

aximal extension. s
ait Measurements
Prior to joint motion measurement, each participant walked
times up and down a 20-m walkway to determine freely

hosen gait speed. Participants were instructed to walk at their
ustomary pace, a pace that they would walk if going for a
alk around the block. During this warm-up period, gait speed
as measured using a hand-held stopwatch for 3 passes

hrough the center 10m of the walkway. The mean of the 3
peeds was considered the freely chosen gait speed for the
articipant.
After the joint motion measurement, spherical reflective
arkers (diameter, 2cm) were placed on the right side of each

articipant over the following anatomic landmarks: (1) lateral
spect of the greater trochanter, (2) lateral aspect of the tibial
lateau superior to the fibular head, (3) lateral malleolus of the
bula, (4) heel of the foot, and (5) immediately distal to the

ateral aspect of the fifth MTPJ (ie, lateral to the head of
etatarsal II). These landmarks were selected to allow for

alculation of a 2-dimensional thigh angle (absolute angle of
high segment in relation to vertical) and ankle angle (relative
ngle between the leg and foot segment). Participants wore
hoes to simulate normative walking performance, so the mark-
rs at the MTPJ and heel of the foot were placed in the
pproximated position of these landmarks on the shoe.

After marker placement, participants were asked to walk on
6-m walkway. Participants practiced on the walkway for 5
inutes prior to measurements being recorded. Gait was as-

essed at 2 speeds of walking: freely chosen gait speed and a
et gait speed of 1.5m/s. Set gait speed trials were used to
ontrol for kinematic and kinetic variability influenced by
peed. The set gait speed was based on normative data for older
eople with 1.5m/s established as the mean fast walking speed
or people of similar age to the participants.32 The set gait
peed is also similar to fast walking speeds used with older
eople in previous studies.4,9,15

Gait speed was monitored as the time required for partici-
ants to move between 2 photocells set apart 2.44m (8ft) in the
enter of the 6-m walkway. To obtain the set gait speed,
articipants were asked to walk fast. Gait speed was then
easured, and subjects were given verbal cues to increase or

ecrease speed after each trial until the set gait speed was
btained. Subjects performed at least 3 trials of walking at set
ait speed before data were collected. When recording data,
ny trial not within 0.1m/s of the 1.5m/s set gait speed or the
stablished freely chosen gait speed was reperformed. For all
articipants, the freely chosen gait speed trials were performed
rst, followed by the set gait speed trials.
During the walking trials, video data were recorded as the

articipant moved between photocells. The recordings pro-
ided data for 1 complete gait cycle of the right lower extrem-
ty. The video camerab was positioned 5m perpendicular to the
agittal plane of motion, and the video signal (sampling fre-
uency, 60Hz) was recorded directly to a computer hard drive
hrough an event and video control unit.c

ata Reduction
For gait trial data, movement of the reflective markers from

he video data was digitized using automatic point-tracking
oftware.c The position data were then low-pass–filtered with a
ourth-order zero-lag Butterworth filter and a cutoff frequency
etermined with a previously established optimization ap-
roach.33 Stride length was determined using the position data
rom video motion analysis to determine the horizontal dis-
ance from one heel strike to the next. Thigh segment and ankle

agittal plane angles were calculated and maximal thigh exten-

Arch Phys Med Rehabil Vol 89, August 2008
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ion and ankle dorsiflexion displacement reported. Data were
educed with experimenters blinded to group allocation until
tatistical analysis was complete.

tatistical Analysis
Comparison of demographics, anthropometrics, and initial

alues of the dependent variables between the intervention and
ontrol groups were assessed by using independent t tests (for
ontinuously scored variables) or chi-square tests (for dichot-
mous variables). Participant adherence to the stretching pro-
ram was quantified by the reported number of completed
essions divided by total possible sessions. Reliability of the
oint motion and freely chosen gait speed measurements was
ssessed using ICC model 2 and form 1 (ICC2,1)34 and their
orresponding 95% CIs.

To address the research hypotheses, a 2-factor repeated-
easures ANOVA model with 1 between-group and 1 within-

roup factor was used to compare changes in each dependent
ariable from preintervention to postintervention. The be-
ween-group factor was group (2 levels: intervention, control),
nd the within-group (or repeated-measures) factor was time (2
evels: preintervention, postintervention). Separate repeated-
easures ANOVAs were used for each of 9 dependent vari-

bles: (1) combined hip extension and knee flexion passive
otion, (2) ankle dorsiflexion passive motion, (3) freely chosen

ait speed, (4) stride length at freely chosen gait speed and (5)
et gait speed, (6) peak thigh extension angular displacement at
reely chosen gait speed and (7) set gait speed, and (8) peak
nkle dorsiflexion angular displacement at freely chosen gait
peed and (9) set gait speed.

Tests of simple main effect results were calculated for each
ependent variable using paired t tests for the intervention and
ontrol groups if a time-by-group interaction effect was present
n the repeated-measures ANOVA. The tests of simple main
ffects allowed interpretation of how values from each group
hanged, or did not change, from preintervention to postinter-
ention. Considering that statistical power for identifying an
nteraction effect is lower than for identifying simple main
ffects,35 statistical significance for the repeated-measures
NOVA examinations was set at P less than .05 (basis of

ample size estimation), and a Bonferroni adjustment was
ade considering the presence of 2 individual simple main

ffect tests for each of the 3 primary outcome measures (hip
otion, ankle motion, freely chosen gait speed) with statistical

ignificance defined at P less than .008 (.05/6). Correction for
evel of type I error was not used for the secondary outcome
easures (stride length, angular displacement) because these
ere examined for exploratory purposes in the current study.

RESULTS

roup Comparison
Of 40 participants, 37 completed the study. Three partici-

ants discontinued during the course of the study because of
amily tragedy (1 intervention and 1 control group participant)
nd a fall resulting in injury (intervention group participant).
ata for 1 control participant were identified as being outliers

primarily because of significantly greater gait speed than all
thers at both preintervention and postintervention). This case
nfluenced the assumption of equal variance between groups.
nalyses were made with and without the identified outlier
ata, and the results were found not to be influenced with the
resence of the outlier data (analysis with outlier data excluded
ot shown). As a result, this participant was included in anal-

ses although the variances between the groups were not equal w

rch Phys Med Rehabil Vol 89, August 2008
or gait speed and stride length. Data from 37 participants
control, n�19; intervention, n�18) were included in the anal-
ses. Comparison of group demographic, anthropometric, and
ait data revealed no significant differences between groups at
aseline (table 1).
The 37 participants ranged in age from 62 to 82 years (mean �

D, 72.1�4.7y) and represented independently living older
eople who attended local community functions. Participant
ompliance with the stretching program for the intervention
roup was .85 (range, .66–.98), indicating that participants on
verage completed 85% of the home sessions they were in-
tructed to perform.

ait Characteristics
The ICC value indicating freely chosen gait speed measure-
ent reliability was .79 (95% CI, .69–.86). Postintervention

nalysis revealed a difference between the intervention and
ontrol groups for freely chosen gait speed, indicated by a
ignificant time-by-group interaction effect. Tests of simple
ain effects revealed an increase in freely chosen gait speed of

07m/s for the intervention group, with no change present in the
ontrol group. No significant time-by-group interaction effect
as present for stride length, peak thigh extension angle, or
eak ankle dorsiflexion angle at either freely chosen gait speed
r set gait speed (table 2). Thigh and ankle angle data graphed
ver the period of the gait cycle are presented in figures 2 and 3.

oint Motion
Resulting ICC values for passive hip extension, knee flexion,

nd ankle dorsiflexion measures were .80 (95% CI, .71–.87),
83 (95% CI, .75–.89), and .85 (95% CI, .70–.87), respectively.
or the composite measurement of peak hip extension and knee
exion motion, an interaction effect between time and group
as observed, indicating a difference between intervention and

ontrol groups. Examination of tests for simple main effects
evealed an increase of 6.8° for the intervention group. In
ontrast, there was no change in the summed hip extension and
nee flexion measure for the control group. A significant dif-
erence between groups was also noted for the ankle dorsiflex-
on passive motion measurement. Simple main effects testing
emonstrated an increase of 3.5° for the intervention group,

Table 1: Group Comparison of Characteristics at Baseline

Characteristic
Intervention

Group
Control
Group P

Sex (men/women) 3/15 5/14 .480
Age (y) 72.5�4.7 71.6�5.0 .567
Body mass (kg) 75.2�15.1 80.0�15.3 .451
Body height (cm) 164.3�7.7 165.1�6.2 .714
Passive hip extension/knee flexion

angle (deg) 59.7�7.4 56.2�10.0 .236
Passive ankle dorsiflexion angle

(deg) 7.8�4.9 7.8�4.9 .998
FCGS (m/s) 1.23�0.12 1.33�0.19 .064
Stride length at FCGS (m) 126.0�12.5 135.3�26.6 .173
Peak thigh extension at FCGS

(deg) 16.6�5.1 18.4�5.2 .285
Peak ankle dorsiflexion at FCGS

(deg) 15.2�3.9 14.4�3.8 .518

OTE. Values are mean � SD. Differences in sex distribution be-
ween groups examined with �2 test; P values are the result of
ndependent t tests.
bbreviation: FCGS, freely chosen gait speed.
ith no change present in the control group (see table 2).
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DISCUSSION
The primary aim of this study was to determine whether a

exibility training program would improve the freely chosen
ait speed of healthy, community-dwelling older people. As

Table 2: Change Over Time in Prim

Outcomes

Intervent

Baseline

Primary measures
FCGS (m/s) 1.23�0.12
Hip extension/knee flexion (deg) 59.7�7.4
Ankle dorsiflexion (deg) 7.8�4.9

Secondary measures
Stride length during FCGS (m) 1.26�0.13
Stride length during SGS (m) 1.38�0.10
Peak thigh extension during FCGS (deg) 16.5�5.1
Peak thigh extension during SGS (deg) 18.2�4.7
Peak ankle dorsiflexion during FCGS (deg) 15.2�3.9
Peak ankle dorsiflexion during SGS (deg) 14.6�3.9

OTE. Values are mean � SD. Interaction effect testing is a result o
bbreviations: FCGS, freely chosen gait speed; SGS, set gait speed
Significant change from baseline to 8-week assessment within the
Significant group interaction effect based on repeated-measures A

ig 2. Angle values graphed over time for (A) the thigh segment an
ontrol group; INT, intervention group. Positive values indicate exte
ines represent preintervention and dashed lines represent postinter

reintervention and postintervention, respectively. Initiation of gait cyc
oe-off of the same foot. Vertical dotted lines indicate mean point of tra
ypothesized, increases in peak passive hip extension and
nkle dorsiflexion were seen. The increased passive motion
as associated with increases in freely chosen gait speed.
hile the trend for the intervention group was an increase in

nd Secondary Outcome Measures

oup Control Group
Interaction Effect

Testing

8 Weeks Baseline 8 Weeks F P

0�0.10* 1.33�0.19 1.35�0.19 6.45 .016†

.5�7.4* 56.2�10.0 56.1�7.5 5.70 .023†

.3�5.4* 7.8�4.9 7.9�4.1 5.92 .020†

6�0.15 1.35�0.26 1.39�0.25 4.81 .188
7�0.17 1.41�0.19 1.44�0.18 1.56 .216

.6�4.5 18.4�5.2 16.7�3.6 3.66 .064

.4�3.9 18.8�4.8 17.9�3.2 2.15 .152

.7�3.3 14.4�3.8 13.7�3.5 0.01 .932

.7�3.8 13.0�4.2 12.4�5.6 0.23 .637

ctor repeated-measures ANOVAs.

p based on tests of simple main effects (P�.008).
(P�.05).

the ankle during set gait speed (1.5m/s) trials. Abbreviations: CTL,
for the thigh segment and plantarflexion for the ankle. Dark solid

on mean data. Light solid and dashed lines represent values �1 SD
ary a

ion Gr

1.3
66
11

1.3
1.4
17
19
14
14

f 2-fa
.

d (B)
nsion
venti
le was toe-off of the right foot, and the end was the subsequent
nsition from swing to stance phase (ie, foot contact).
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tride length and peak hip extension angular displacement, the
hanges were not significant. In addition, no change in peak
nkle dorsiflexion angular displacement was noted. The reli-
bility measures for joint motion and freely chosen gait speed
re comparable to previous studies and represent favorable
easurement consistency.36,37

It is important to address ways to limit and/or reverse the
ecline in freely chosen gait speed associated with aging be-
ause it is linked to decreased physical ability2 and increased
isk of falls.3 The implication of present results is that age-
elated declines in joint motion may in part explain decline in
reely chosen gait speed. It is acknowledged that other impair-
ents related to aging can account for gait speed decline,

ncluding physical impairments to systems such as the muscle
nd nervous systems.9,13,38 However, the present findings in-
icate a possible link between joint motion and freely chosen
ait speed that could be tested in a future correlational analysis.
Perera et al29 have examined the magnitude of clinically
eaningful changes in common physical performance mea-

ures of older people, including gait speed. In their study, the
uthors concluded that the criteria for determining small mean-
ngful change in gait speed should be .05m/s, with .10m/s
epresenting substantial meaningful change. The present result
f .07m/s magnitude of change falls between these 2 criteria.
ata assessed by Perera29 were based on gait speed perfor-

ig 3. Angle values graphed over time for (A) the thigh segment and
ontrol group; INT, intervention group. Positive values indicate exte
ines represent preintervention and dashed lines represent postinter
reintervention and postintervention, respectively. Initiation of gait c
f the same foot. Vertical dotted lines indicate mean point of trans
ance in clinical populations (eg, frail community-dwelling c

rch Phys Med Rehabil Vol 89, August 2008
ubjects and stroke survivors). The fact that the present gait
peed change was seen in healthy, independently functioning
lder people further strengthens the meaningfulness of the
mprovement. Such a flexibility training program applied to
eople with lower functional ability may result in even greater
mprovements.

As exploratory hypotheses, it was of interest to measure
tride length and joint angular displacement. Of these second-
ry measures, no statistically significant changes were seen.
rends were identified that could be addressed in future stud-

es. For example, even with gait speed controlled by design at
.5�0.1m/s for the set gait speed trials, mean values for stride
ength in the intervention group were 1.38m preintervention
nd 1.47m postintervention. Also, peak thigh segment exten-
ion for the intervention group was 16.5° preintervention and
7.6° postintervention during freely chosen gait speed trials
nd 18.2° preintervention and 19.4° postintervention during set
ait speed trials. No noticeable trend of change in peak ankle
ngular displacement was seen.

tudy Limitations
Results of this study should be viewed with caution. Several

ssumptions were made in designing the methodology, includ-
ng the use of a simple, 2-dimensional examination of angular
isplacements. Although use of a single camera system in the

he ankle during freely chosen gait speed trials. Abbreviations: CTL,
for the thigh segment and plantarflexion for the ankle. Dark solid

on mean data. Light solid and dashed lines represent values �1 SD
was toe-off of the right foot and the end was the subsequent toe-off
from swing to stance phase (ie, foot contact).
(B) t
nsion
venti
linic is appealing for simplicity, it is acknowledged that 2-di-
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ensional models are not comparable to gait measures cap-
ured using 3-dimensional motion capture systems with multi-
le markers a segment.39 In addition, it has been shown that hip
xtension motion is influenced by sagittal plane motion of the
elvis.3 Without including the pelvic segment in the current
xamination, no conclusions can be drawn about the influence
f the training on interactions among the trunk, pelvis, and
high. Finally, placement of markers on the footwear intro-
uced possible measurement error by not accounting for foot
ovement within the shoe. Future studies in fully equipped

ait laboratories are recommended for complete analysis of the
nfluence of stretching interventions on gait kinematics and
inetics. However, considering these limitations, the peak an-
ular displacements in this study are comparable to those seen

n other samples of older people walking at similar speeds3,9,12,20

sing a variety of segmental models.
Lack of altering the sequence of freely chosen gait speed and

et gait speed trials could have added a systematic bias to the
ata. To assess the effect of order of gait speed, future studies
hould randomize the sequencing of trials. For this study, the
reely chosen gait speed trials were performed first in all
nstances to allow participants to be well acclimated to the
alkway before walking at a speed that was not normally
referred. Consistency between preintervention and postinter-
ention assessments allowed data to be compared.
In future studies, examination of clinical populations of

lder people is recommended. In this study, only healthy vol-
nteers were recruited, resulting in limited generalization to
unctionally limited people. Samples of participants with spe-
ific functional limitations will provide a better understanding
f the importance of joint motion on gait and physical function
n relation to age-associated disability. Also, the size of the
urrent sample limited statistical power of the study. While
tatistical power was sufficient to identify changes in freely
hosen gait speed, identification of changes in stride length and
oint kinematics may be possible with an increased number of
articipants (ie, increased statistical power), allowing for in-
reased confidence in determining mechanisms related to the
mprovement in freely chosen gait speed.

Comparison of the effects of flexibility training between men
nd women should also be examined in future studies. There
ere many more women than men volunteers for the current

tudy, and no examination of differences between sexes was
ade. However, comparison between the intervention and con-

rol group was deemed valid because the relative distribution of
en and women in each group was remarkably similar.
Future examination of the relative importance of hip and

nkle joint motion is also warranted. Because the flexibility
ntervention included simultaneous hip and ankle stretches,
dentifying the relative contribution of hip and ankle motion to
reely chosen gait speed was not possible with this study. The
rend of increase in peak hip extension displacement along with
he lack of such a trend for peak ankle dorsiflexion indicates
hat ankle motion may not be as much of a factor as hip motion
n dictating freely chosen gait speed. It is possible that for the
ealthy population sampled in this study, hip extension motion
ay have been a factor limiting gait speed, while ankle dorsi-
exion motion was not. This finding is consistent with sugges-

ions by some authors.4,20 Gajdosik et al22 did identify in-
reases in maximal gait speed after ankle flexibility training;
owever, participants in their study were selected on the basis
f limitations in peak dorsiflexion motion (�10°).
Last, the measurement of joint passive motion was made

ith a clinically based method, without control or measure-
ent of moment of force. While the reliability of the measure-

ents was high, control and measurement of moment of force
ould allow for expanded interpretation of the effects of
tretching on passive joint motion.

CONCLUSIONS
The findings of this study have implications for addressing

he detrimental effects on gait function seen with aging. Evi-
ence is provided from the results that joint motion is a
odifiable impairment that can be effectively targeted for older

eople with a simple, static stretching home-based interven-
ion. Improvements in both joint motion and freely chosen gait
peed were seen in the intervention group but not the control
roup. Mechanisms responsible for changes in freely chosen
ait speed after flexibility intervention warrant further investi-
ation.
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