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educed Hip Extension in the Elderly: Dynamic or Postural?
aura W. Lee, MD, MBA, Keyvan Zavarei, MD, Jonathan Evans, MD, MPH, Jennifer J. Lelas, BA,
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ABSTRACT. Lee LW, Zavarei K, Evans J, Lelas JJ, Riley
O, Kerrigan DC. Reduced hip extension in the elderly: dy-
amic or postural? Arch Phys Med Rehabil 2005;86:1851-4.

Objective: To test the hypothesis that reduced hip extension
nd increased anterior pelvic tilt in the elderly are dynamic gait
henomena that do not occur during normal standing posture.
Design: Experimental.
Setting: Gait laboratory.
Participants: Twenty-five older adult subjects (mean age �

tandard deviation, 71�5y) and 25 young adult subjects (mean
ge, 26�5y).

Intervention: Subjects were observed during standing and
alking at self-determined comfortable, slow, and fast walking

peeds. Positions and kinematics of the pelvis and lower ex-
remities were measured using a 3-dimensional video-based
otion analysis system.
Main Outcome Measures: Peak hip extension and anterior

elvic tilt.
Results: There were no statistically significant differences

etween the older and young adult groups during standing with
espect to either hip extension (3°�5° vs 1°�6°) or anterior
elvic tilt (11°�5° vs 10°�5°). On the other hand, at comfort-
ble walking speeds, the older adult group had reduced peak
ip extension (7°�6° vs 11°�6°, P�.05) and increased ante-
ior pelvic tilt (15°�5° vs 11°�5°) compared with the young
dult group. At fast walking speeds, peak hip extension was
ignificantly reduced in the older adult group than in the young
dult group (9°�6° vs 14°�6°, P�.05), but there was no
ignificant difference at slow walking speeds (6°�6° vs
°�5°).

Conclusions: Age-related changes in gait defined by re-
uced peak hip extension and increased pelvic tilt are dynamic
ather than standing postural characteristics.

Key Words: Aged; Biomechanics; Gait; Hip; Posture; Re-
abilitation.
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S THE PROPORTION OF OLDER adults in the United
States increases dramatically over the next few decades,

reventing mobility-related impairments will become
ncreasingly important. However, designing effective inter-
entional strategies requires an understanding of the funda-
ental mechanisms by which age-related loss of musculo-

keletal function occurs. Gait studies of healthy elderly have
emonstrated decreased comfortable walking speed, reduced
eak hip extension, and increased anterior pelvic tilt.1,2

ecause older adults consistently walked at a slower speed
han younger control subjects, it was unclear if these
hanges were related to postural and anatomic deficits, such
s hip flexion contractures.

Hip flexion contractures are thought to occur with immobil-
ty,3 because gait is probably the only regular daily activity that
tretches the hip joint into full extension. Hip flexion contrac-
ures or reduced hip flexion in general are associated during
ait with increased anterior pelvic tilt and reduced contralateral
tep length, which could lead to decreased gait velocity.4-6 It is
urmised that the increased pelvic tilt and decreased contralat-
ral step length compensate for the reduced hip extension to
aximize gait efficiency. In the elderly, anterior pelvic tilt and
flexed hip joint could also stem from postural changes,

rising from weakened abdominal and hip muscles or as a
ompensation for fear of instability.7

This study examines whether reduced hip extension and
ncreased anterior pelvic tilt found during the gait of healthy
lderly are dynamic phenomena or consequences of ana-
omic and postural changes with increasing age. It was
ypothesized that reduced peak hip extension and increased
nterior pelvic tilt can be detected only during gait and do
ot result from anatomic and postural deficits. Our second-
ry hypothesis was that reduced hip extension is a persistent
eature of gait, present at various walking speeds in older
dults.

METHODS

articipants
Twenty-five healthy subjects aged 65 years and older

mean age � standard deviation [SD], 71�5y; height,
.63�0.08m; weight, 66.6�11.2kg) and 25 healthy young
dult subjects aged 18 to 40 years (mean age, 26�5y;
eight, 1.69�0.10m; weight, 61.9�14.8kg) were studied.
here were 16 women and 9 men in each group. Elderly
ubjects were recruited from the greater Boston area via the
arvard Cooperative Program on Aging subject registry and
osted advertisements in community centers, while young
dult subjects were recruited from the community. Subjects
nderwent a screening history and physical examination and
ere excluded from the study if they had a medical history
f orthopedic, neurologic, cardiac, or pulmonary problems.
ubjects were also excluded if they had a history of frequent
alls. Approval was obtained from the institutional review
oards at both the Spaulding Rehabilitation Hospital (where
he data were collected), and the University of Virginia

chool of Medicine (where the data were analyzed).

Arch Phys Med Rehabil Vol 86, September 2005
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easurement and Analysis
The degrees of peak hip extension and peak anterior pelvic

ilt were measured for each subject during comfortable stand-
ng and during walking at the 3 self-selected speeds: comfort-
ble, slow, and fast. Measurement of pelvic and lower-extrem-
ty joint motion and kinetics was performed using standard
echniques previously reported elsewhere.8-11 Briefly, a 6-cam-
ra video-based motion analysis system (Vicon 512 systema),
as used to measure the 3-dimensional position of reflective
arkers, at 120 frames/s, attached to the following bony land-
arks on the pelvis and lower extremities during walking:

ilateral anterior superior iliac spines, lateral femoral condyles,
ateral malleoli, forefeet, and heels. Additional markers were
laced over the sacrum and rigidly attached to wands over the
idfemur and midshank.
Pelvic and joint angular position and motion were deter-
ined per anatomic definition using a commercially available

ull-inverse dynamics model, Vicon Clinical Manager,a and
eported in degrees. Temporal parameters (velocity, stride
ength, cadence) were determined using the force platform and
inematic information to define a gait cycle. Force platform
ata were obtained from 2 staggered forceplates (BP400600
odelb) with a sampling rate of 1080 frames/s.

ntervention
In the gait laboratory, subjects were observed during

tanding and were instructed to walk at various speeds while
elvic and lower-extremity joint positions were measured
sing the 3-dimensional video-based motion analysis sys-
em. Subjects were initially asked to stand, which allowed
btaining static pelvic and bilateral lower-extremity joint
easurements. All subjects then walked barefoot at their

wn self-selected, comfortable speed along a 10-m walk-
ay. They were then asked to walk at a self-selected pace

aster than their own comfortable pace and then a self-
elected pace slower than their comfortable pace. Six trials
ere observed for each subject at each of the 3 different

elf-determined walking speeds.

tatistical Analysis
Changes in peak hip extension and peak anterior pelvic

ilt during walking were evaluated as follows: we calculated
ndividual mean values of peak hip extension and peak
nterior pelvic tilt by averaging the values obtained during
trials for each subject and comparing these with baseline

alues (standing) using paired t tests. We assessed the effect
ig 1. Comparison of peak hip extension in the elderly and young
dult groups during standing and comfortable walking speed. N

rch Phys Med Rehabil Vol 86, September 2005
f age on changes in peak hip extension and peak anterior
elvic tilt during standing and walking by calculating group
ean values of peak hip extension and peak anterior pelvic

ilt among both elderly and young subjects during standing
nd during walking. We compared group means during
tanding and while walking using unpaired t tests. All tests
f statistical significance were 2-tailed (��.05).

RESULTS

easurements During Standing
During standing, there were no statistically significant dif-

erences between the elderly and the young adult groups with
espect to either mean hip extension (3°�5° vs 1°�6°, P�.44)
r mean anterior pelvic tilt (11°�5° vs 10°�5°, P�.86).

easurements During Walking
Compared with young adults who had an average peak hip

xtension of 11°�6°, average peak hip extension in the elderly
as 7°�6° (P�.05) at comfortable walking speeds (fig 1).
verage peak anterior pelvic tilt at comfortable walking speeds

ncreased significantly in the elderly group—15°�5° for the
lderly group and 11°�5° for the young adult group (P�.05)
table 1). Comfortable walking speed was 1.17�0.18m/s for
lderly adults and 1.29�0.14m/s for the young adult group.
adence was similar in the elderly and young adult groups

0.97�0.10 steps/s and 0.98�0.08 steps/s, respectively). Step
ength at comfortable walking speed was also similar:
.60�0.06m for the elderly group and 0.66�0.05m for the
oung adult group (table 2).

Table 2: Gait Characteristics: Temporal Parameters

Group Elderly Young Adults

Comfortable walking speed
Velocity (m/s) 1.17�0.18 1.29�0.14
Cadence (steps/s) 0.97�0.10 0.98�0.08
Step length (m) 0.60�0.06 0.66�0.05

Slow walking speed
Velocity (m/s) 0.93�0.15 0.94�0.15
Cadence (steps/s) 0.83�0.09 0.81�0.09
Step length (m) 0.55�0.07 0.58�0.06

Fast walking speed
Velocity (m/s) 1.59�0.23 1.77�0.24
Cadence (steps/s) 1.17�0.13 1.15�0.13
Step length (m) 0.68�0.15 0.77�0.06

Table 1: Gait Characteristics: Hip Extension and Anterior Pelvic
Tilt Kinematics

Group Elderly Young Adults

Hip extension (deg)
Comfortable speed 7�6 11�6
Slow speed 6�6 9�5
Fast speed 9�6 14�6

Anterior pelvic tilt (deg)
Comfortable speed 15�5 11�5
Slow speed 15�4 12�5
Fast speed 17�5 13�5

OTE. Values are mean � SD.
OTE. Values are mean � SD.
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At self-determined slow walking speeds, there was no
ignificant difference between the elderly and young adult
roup in peak hip extension (6°�6° and 9°�5°, respec-
ively) (table 1). However, at self-determined fast walking
peeds, there was a difference in peak hip extension between
he 2 groups: 9°�6° for the elderly group and 14°�6° for
he young adult group (P�.05) (table 1). Slow and fast
alking velocity, cadence, and step length were also ob-

ained for the elderly and young adult groups and are listed
n table 2.

DISCUSSION

The data from this study demonstrate that reduced hip
xtension and increased anterior pelvic tilt in healthy elders
ccur during walking but not during standing, and the extent
f the age-related changes in peak hip extension varies
epending on velocity. These findings imply an alternative
o previous interpretations that the decreased peak hip ex-
ension noted in the elderly arises from a stooped forward
ean of the pelvis or from abdominal and hip muscle weak-
ning leading to an anterior pelvic tilt during standing.
lthough we did not test hip and abdominal manual muscle

trength, because hip extension and anterior pelvic tilt did
ot differ significantly in the elderly and young adult groups
uring standing, the results suggest that decreased hip ex-
ension in the elderly are gait-related rather than the mani-
estation of postural decline. We measured both hip exten-
ion and anterior pelvic tilt because anterior pelvic tilt is
hought to be the most significant compensation for reduced
ip flexion.5,6 If only hip extension were measured, it could
e argued that, despite normal hip extension measurements,
educed hip flexion was actually present and was being
asked by an increased anterior pelvic tilt. In this case,

ecause both hip extension and anterior pelvic tilt measure-
ents were similar in young and older adults during stand-

ng, it appears that reduced hip extension and increased
nterior pelvic tilt are not common postural changes in
ealthy older adults.
Reduced peak hip extension and increased anterior pelvic

ilt seen during a self-selected comfortable walking speed
onfirm findings from previous studies on gait patterns in
lder adults.1,2,8 These changes in hip extension and pelvic
ilt also lead to smaller step length and decreased gait
elocity, but with preserved cadence, as seen in prior studies
omparing the gait of older with younger adults.1,2,11 Be-
ause cadence did not differ much between older and
ounger adults during any of the walking speeds, increasing
he number of steps per second may be difficult for older
dults in order to achieve walking speeds comparable to the
oung adult comfortable or fast ranges. Instead, targeting
nterventions to increase step length may be a more effective
ethod to reverse age-related slowing of gait velocity. For

nstance, an interventional study consisting of hip extension
tretching in a group of older adults has demonstrated an
ncrease in step length and gait velocity after completion of
his exercise program.12 Considering the reduced hip exten-
ion noted during gait, stretching the hip flexor muscles
eems efficacious in improving step length and gait velocity.

The finding that reduced peak hip extension occurs during
omfortable and fast walking speeds but not during slow
alking speeds was unexpected. Prior studies2,8 have shown

hat, at a self-determined fast walking speed (a speed com-
arable to that of a younger control group), reduced hip
xtension and increased anterior pelvic tilt persisted in the

lderly group. However, hip extension and pelvic tilt have
ot been previously studied at slow walking speeds. In this
tudy, interestingly, the difference in peak hip extension was
onsignificant between the elderly and young adult groups at
low walking speeds and became significant at faster walk-
ng speeds. The greater change in peak hip extension be-
ween the age groups with increased gait velocity may
ndicate that muscles involved in hip extension are not fully
tretched during daily walking, because cadence is main-
ained over step length in older adults. People usually walk
t comfortable and fast walking speeds and there are few
ndications for walking at a slower than comfortable walk-
ng speed during daily activities. Prolonged walking at com-
ortable or fast speeds without adequate hip extension
tretching may cause the formation of subtle hip flexion
ontractures in the healthy elderly.

In general, there is a tendency with age to develop contrac-
ures of the hips more so than of the knees, because the hip
oint is less often fully stretched than the knee joint when
hysical activity declines.13 The older adult group in this study
as comprised of healthy elderly who were community ambu-

ators with no musculoskeletal defects. People who are more
mmobile or are older than our group may already have devel-
ped subtle hip flexion contractures, and may demonstrate
educed peak hip extension at all walking speeds. Further
tudies comparing peak hip extension of older adults over
any years longitudinally or older adults with different levels

f mobility tested at different walking speeds may shed insight
nto this possibility.

CONCLUSIONS

In healthy older adults, age-related changes in gait char-
cterized by reduced peak hip extension and increased an-
erior pelvic tilt are a dynamic rather than a postural phe-
omenon. Moreover, these age-related changes in peak hip
xtension seem to be associated with gait velocity, with
ignificant differences between the age groups at comfort-
ble and fast walking speeds. Studying the effect of peak hip
xtension on gait may offer clinically important mechanisms
o improve walking in older adults and thus merits further
nvestigation.
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