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Active Mobility of the Extremities in Older Subjects

J. M. WALKER,
DEBBIE SUE,

NANCY MILES-ELKOUSY,

GAIL FORD,

and HELEN TREVELYAN

The purposes of this study were 1) to expand the data base of active range of
motion (ROM) in the upper and lower extremities of older persons measured by
goniometry and 2) to determine if differences exist related to age, sex, and
physical activity. Active ROM was measured with a clinical goniometer in 28 joint
motions of the upper and lower extremities of the right side in 60 older subjects.
Thirty men and 30 women were equally divided in two age groups of 60 to 69
and 75 to 84 years of age. Multivariate analysis of variance showed no significant
differences in ROM that were attributable to sex and age. In univariate tests,
however, 12 motions were significantly different (p < .05) between the sexes,
but only in 4 motions was the difference greater than intertester error. Physical
activity, as assessed by a questionnaire and a rating scale, was not related to
specific changes of joint range. Within the older subjects, however, a significant
relationship between ROM and age or ROM and physical activity cannot be
assumed. These results suggest that a data base of normative values is needed
for older individuals.

Key Words: Aged, Joints, Physical therapy.

Measurement of range of motion
(ROM) is routinely used to assess joint
mobility, assess function, plan treat-
ments, and set realistic goals for pa-
tients. Investigators have reported data
suggesting that selected ranges of joint
motion vary with age.'"' Regressive
changes in all tissues of diarthrodial
joints that begin to occur after 20 years
of age, as reported from studies on ani-
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mals and in man, may produce de-
creased amplitudes of motion.''-'3 Pain,
muscle weakness, or spasticity also may
limit active joint motion. The health
status of an individual and any impair-
ment of joint integrity associated with
aging may affect selected ranges of joint
motion. The relationship between ROM
and physical activity is not yet estab-
lished.?> Despite numerous studies on
ROM, only a small data base exists of
normative joint ROM values in individ-
uals over 60 years of age (termed older
in this paper).>* The purposes of this
study were 1) to expand the data base of
activec ROM in the upper and lower
extremities of older persons measured
by goniometry and 2) to determine if
differences exist related to age, sex, and
physical activity.

METHOD

Sample

Sixty healthy, right-handed, white
volunteers participated in this study.
Thirty were women and 30 were men.
Each sex group was divided into two age
groups of 15 subjects each: 60 to 69
years of age (classified as Y for young-
old) and 75 to 84 years of age (classified
as O for middle-old) (Tab.1). The sub-

jects were residents of the greater Los
Angeles area and functioned independ-
ently within their homes. We used a
three-item questionnaire to screen out
subjects having ROM limitation that in-
terfered with the performance of daily
activities and having pathological con-
ditions, such as hemiplegia, rheumatoid
arthritis, recent fractures or surgeries, or
other conditions under constant treat-
ment. We did not exclude subjects with
mild arthritis and other similar muscu-
loskeletal conditions because these are
common in the age group from which
the sample was drawn.

Instrumentation

We measured the shoulder, elbow,
hip, and knee joints with a large 360-
degree goniometer* calibrated in 1-de-
gree increments with 32-cm arms. We
used a small 180-degree goniometer
with 17-cm arms to measure the ra-
dioulnar, wrist, ankle, subtalar, and first
metatarsophalangeal (MTP) joints. Be-
cause the 180-degree goniometer was
calibrated in 5-degree increments, it was
superimposed on a 1-degree increment
protractor after each measurement and

* Fred Sammons, Inc, Box 32, Brookfield, IL 60513
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TABLE 1

Means and Standard Deviations for Age, Height, and Weight for All Subjects

Men 60-69 years Women Men 75-84 years Women Combined (N = 60)
Variable
X s X s X s X s X s
Age (yr) 66.3 3.0 65.3 31 78.5 26 80.1 34 75.6 7.4
Height (cm) 1729 75 162.9 51 172.6 11.8 158.9 46 166.5 11.5°
Weight (kg) 74.0 10.5 69.9 9.6 720 9.0 63.0 9.2 69.8 10.2°

*N = 58, two men in the 60- to 69-year-old group unrecorded.
>N = 59, one man in the 60- to 69-year-old group unrecorded.

without change in alignment of the arms
to obtain data at the same level of pre-
cision as that obtained with the 360-
degree goniometer. Both instruments
were validated against known angles of
0, 45, 90, 135, and 180 degrees.

We obtained information regarding
the subjects’ general health status in the
past 20 years and total physical activity
level in a typical month of the past year
from a questionnaire. The activities
listed in the questionnaire were repre-
sentative of the leisure-time activities
most frequently engaged in by older
people; examples included walking, jog-
ging, yard work (specific activities
listed), golfing, and dancing (Appen-
dix)."*'° Subjects were asked to give
both the frequency an activity was per-
formed and the duration of that activity.

Reliability

We determined tester reliability be-

fore measuring the subjects. Five meas-
urements of 24 arcs of motion were
taken on four adult subjects in one day
by four investigators. The goniometers
used and the joint measured followed
the procedure of the study. During
measurement, the calibrated scales of
the goniometer faced away from the in-
vestigator taking the measurement; a
second investigator read and recorded
the value. All Pearson correlation coef-
ficients (r) for intratester reliability were
above .81 (range, .78-.99), except shoul-
der external rotation (r, .78). The mean
error between repeated measurements
for all motions of the four subjects was
5 degrees (£1°).

The two investigators with the highest
intratester reliability performed meas-
urements in the study; one measured
men and the other, women. (Two testers
were used because the study was divided
into two student projects within the
study). The mean intertester variability
between the two testers was 6 degrees (+
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5°) (range, 3 to 13°). In seven motions,
the difference in values obtained by the
two testers was between 5 and 10 de-
grees, and for three motions (shoulder
medial rotation, radioulnar pronation,
and ankle dorsiflexion), the difference
exceeded 10 degrees.

Procedure

Each subject read and signed a con-
sent form and Rights of Human Sub-
jects in Medical Experiments form. Sub-
jects wore clothing that provided unre-
stricted movement and visibility of the
joint by the examiner. We administered
the health and physical activity ques-
tionnaire verbally to all subjects. Height,
weight, and beginning and ending posi-
tions of 28 active motions of the right
shoulder, elbow, radioulnar, wrist, hip,
knee, ankle, subtalar, and first MTP
joints were then measured. In the 60- to
69-year-old group, height was not re-
corded for two men, and weight was not
recorded for one man. We used three
positions (sitting, supine, and prone) for
measurement and a sequence of meas-
urement that minimized positional
changes by the subjects. All motions
were measured twice using techniques
described by the American Academy of
Orthopaedic Surgeons (AAOS)® and
modified by Boone and Azen.' The sub-
jects performed motions to the limit of
their active ROM.

Data Analysis

The statistical packages for social sci-
ences were used in all analyses.2?2 We
tabulated the occurrence of musculo-
skeletal conditions and total physical ac-
tivity levels (TPALs) from questionnaire
responses. Physical activity levels
(PALs) were the product of the activity
level, frequency, and duration of an ac-
tivity and reflected the subject’s relative
energy expenditure.'®'*2 (The PALs
were based on the studies of relative

energy expenditure of a younger age
group. We recognized that these values
were relative values. No normative val-
ues of energy expenditure were available
for the older population.) The TPALs
equaled the sum of the individual PALs
(Appendix).

We averaged the two measurement
values obtained for each ROM meas-
ured. Multivariate analysis of variance
(MANOVA) was used to determine if
significant differences existed between
age groups and between men and
women.??

We used one-tail, two-sample ¢ tests
to determine if significant differences
existed, independent of age, between
ROM in individuals with diagnosed
musculoskeletal conditions. We deter-
mined the median TPALSs and stratified
the data into high versus low TPALs.
Two-tail, two-sample ¢ tests were used
to examine the relationship, independ-
ent of age, between individual ROM and
TPAL. Pearson’s correlation coeffi-
cients determined the relationship be-
tween ROM and TPALs. We deter-
mined the level of significance as p <
.05.

RESULTS

No significant differences were shown

by MANOVA in ROM by sex and age.
Analysis by age alone revealed differ-
ences that exceeded the intertester error
between the Y and O age groups, but
only for subtalar eversion and MTP flex-
ion (eversion: Y =14°x7°, 0 =11 £
4 MTP: Y =8 £ 9°, 0 =4 % 5°).
Therefore, we combined data for the
two age groups to examine the influence
of sex on ROM (Tabs. 2, 3).
Comparison of the results obtained
from all men and women showed that
12 of 28 motions were significantly dif-
ferent (p < .05). In 8 of these 12 mo-
tions, women had more range than men.
Only in 4 motions, hip medial rotation
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(+14°), ankle plantar flexion (+11°),
shoulder abduction (+20°), and shoul-
der extension (+11°), were these differ-
ences greater than the intertester error.
Women also had less motion than men
in hip adduction (—7°) and ulnar devia-
tion (—5°). Neither men nor women had
0 degrees of beginning hip flexion (com-
bined mean, 11° + 4°). In women, shoul-
der extension (10°) and subtalar inver-
sion (6°) showed statistically significant
(p < .05) smaller ranges in individuals
with a diagnosed musculoskeletal con-
dition (such as arthritis), but both these
values were within one standard devia-
tion of the female group means.

No significant differences in ROM
were found between subjects with high
activity levels and those with low activ-
ity levels (TPAL median activity level:
women, 342; men, 390; range, 0-1329).
Active men, with a total PAL value
above 390, had significantly less wrist
extension (5°) than the less active group
(p < .05), but this difference was within
intertester error and the one standard
deviation range. Conversely, 70 percent
of mean values (17 of 24) for motions
in the less active women (n, 19; X
TPAL, 236) were lower than those in
the more active men (n, 11; X TPAL,
685).

DISCUSSION

This study indicated that a single data
base for ROM of the tested joints is
sufficient for men and women between
60 and 85 years of age. Differences ob-
served between age groups and sex in
univariate tests were not shown in more
rigorous MANOVA. If our sample was
representative of the older population,
the ROM values obtained in our study
support the conclusions of other re-
searchers that a difference exists in joint
range between middle-aged (40-60 years
old) and older. individuals (>60 years
Old).4' 5.8.10.24

All but one of the ROM values for
men obtained in this study were less
(between 9-13°) than values obtained
by other investigators."*?* Differences
may have resulted from the more strin-
gent screening procedures used by
Boone et al** and Smith and Walker®
and the wider age range of all three
studies.’ >

This study concurred with previous
reports of decreased ranges in lower
limb motions of hip flexion, medial ro-
tation, and subtalar inversion in older
women.'%?* Qur data for women, how-
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ever, did not support previous findings
of decreased active range in several up-
per and lower limb motions*82425
Average values for the starting position
of hip, knee, elbow, and first MTP joint

RESEARCH

indicated a reduced ability to reach a 0
degree starting position in the older in-
dividual from that reported by Boone
and Azen.' These findings, when com-
pared with published data for younger

TABLE 2

Upper Limb Range of Motion Mean Values and Standard Deviations for Age Groups
Combined by Sex and for Sexes Combined*

Men

Women

(age groups (age groups Diff. Sexes Combined
Motion combined) ~combined) CotWeen
M/wW

X s X s p° X s

Shoulder abduction 185 22 175 16 -20° <.001 165 21
flexion 160 11 169 9 -9 <.001 165 11
extension 38 11 49 13 -11¢ <.001 44 13
medial rotation 59 16 66 13 -7 NS 62 15
lateral rotation 76 13 85 16 -9 .02 81 15
Elbow beginning flexion 6 5 1 3 -5 <.001 4 5
flexion 139 14 148 5 -9 002 143 M
Radioulnar pronation 68 9 73 12 -5 NS 71 1"
supination 83 11 65 11 +18 <.001 74 14
Wrist flexion 62 12 65 8 -3 NS 64 10
extension 61 6 65 10 -4 .05 63 9
radial deviation 20 6 17 6 +3 NS 19 6
ulnar deviation 28 7 23 7 +5 .01 26 7

® All values reported in integer.

b Univariate t tests, df = 1, 58 (t values can be obtained from any statistical text with table

of critical values for t distribution).
° Difference > intertester error.

9 One man deleted because of the presence of pathologically restricted ROM, n = 29.

TABLE 3

Lower Limb Range of Motion Mean Values and Standard Deviations for Age Groups

Combined by Sex and for Sexes Combined*®

Men Women Diff
. (age groups (age groups . Sexes Combined
Motion combined) ogmginec‘;) etween
X s X s P X s

Hip beginning fiexion 1 3 11 5 0 NS 1 4

flexion 110 11 11 12 -1 NS 111 1

abduction 23 9 24 6 -1 NS 23 7

adduction 18 4 1 4 +7 <.001 14 5

medial rotation 22 6 36 7 —14° <.001 29 10

lateral rotation 32 6 30 7 +2 NS 31 7
Knee beginning flexion 2 2 0 1 +2 <.001 1 2

flexion 131 4 135 7 —4 .01 133 6
Ankle plantar flexion 29 7 40 6 -11¢ <.001 34 8

dorsiflexion 9 5 10 5 -1 NS 10 5
Subtalar inversion 31 11 29 10 +2 NS 30 10

eversion 13 6 12 5 +1 NS 12 6
First metatarsophalangeal

beginning fiexion 3 7 1 4 +2 NS 2 5

extension 62 17 59 8 +3 NS 61 17

flexion 5 7 8 16 -3 NS 6 8

“ All values reported in integer.

b Univariate t tests, df 1, 58.

° Difference > intertester error.
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TABLE 4

Comparison of Sample Mean Values with American Academy of Orthopaedic Surgeons
Handbook Values Where the Difference Exceeded One Standard Deviation and

Intertester Error :
Present Study AAOS?®
Motion — Differences (°)
X s Averages
Sexes Combined
Hip abduction 23 7 48 -25
adduction 14 5 31 -17
medial rotation 29 10 45 -16
lateral rotation 31 7 45 -14
Ankle plantar flexion 34 8 48 -14
First metatarsophalangeal flexion 6 8 37 -31
Men only
Shoulder extension 38 1 53 -19
Wrist extension 61 6 7 -10
Women only
Shoulder fiexion 169 9 158 +11
Radioulnar supination 65 11 84 -19

age groups, suggest a decrease in ROM
with age that supports the conclusions
of previous studies.>'*2* The cross-
sectional design used in all those studies,
however, only permits inferences to be
made about the effect of age on ROM.

Although significant decreases in mo-
tion with age have been reported,®?
differences in range often lack clinical
importance as they fall within accepted
boundaries for intratester, intertester,
and goniometer error.

For the men, but to a much lesser
extent for the women, our values were
similar to age-matched data of Tucker.*
Tucker also screened subjects for joint
pathology but did not report the criteria
used.

Clinicians should be aware of an in-
creased tendency for hip flexion con-
tractures in the elderly. We observed a
mean value of 11 degrees for beginning
hip flexion, which is consistent with pre-
vious studies,'®? although Boone et
al,?* reported a mean value of 2 degrees.

The Handbook of the American
Academy of Orthopaedic Surgeons
(AAOS) is a widely used source of nor-
mative values although the primary data
or investigator(s) error has never been
reported.’ An important finding of this
study was that older persons had smaller
ROM at certain joints than the ROM
published in the AAOS Handbook. Al-
though the results of our study were
based on a small sample of 30 men and
30 women over 60 years of age, the
general trends are supported by studies
by Smith and Walker® and Boone et al.>*
Only 25 of the 28 motions we measured
are reported in the AAOS Handbook.

922

Comparison showed that 9 motions
(36%) in both sexes and six combined
means (28%) of the two age groups for
lower limb motions were different from
AAOS values by more than one stand-
ard deviation, and from our intertester
error (Tab. 4). Overall, in men, 22 of
the 25 motions were an average of 9
degrees less than the averages given in
the AAOS Handbook. In women,
AAOS values were higher by an average
of 15 degrees (range, 6-29°) in 44 per-
cent of motions. The largest differences
observed were for MTP flexion (women,
29°% men, 32°). Our finding supported
an age-related decrease in MTP flexion
reported by Joseph in men over 45 years
of age compared with younger men (no
age range given).” In both men and
women, hip rotation, abduction, and
adduction values were less than AAOS
values by 14 to 25 degrees. These com-
parisons suggest that AAOS Handbook
average values are not appropriate for
all joints of older subjects and that a
separate normative data base should be
developed.

Although investigators have inferred
that habitual activity may influence
joint range, we did not find any consis-
tent relationship between the amount of
physical activity and the range of joint
motion.' '*!52"-28 This finding was sim-
ilar to the only other study located that
examined this relationship.* From the
results of our study, we theorize that
older individuals may be spectators
more than they are active participants
in physical activities, such as specific
sports. We did not validate the question-
naire that elicited data only on leisure

activities; from these data, we calculated
physical activity levels and assessed
these levels by estimates of the relative
metabolic energy expenditure.'* !> '¢ Al-
though rate of energy expenditure for a
given work load may be a good indicator
of cardiopulmonary fitness, it may not
be related to ROM in joints. Our sam-
ple, recruited in part from recreational
centers, may not be representative of
persons over 60 years of age, especially
the 75- to 84-year-old population. Fur-
ther studies should expand the question-
naire to include the subject’s former oc-
cupation and retirement work activities,
as well as recreational activities. Longi-
tudinal studies are needed to examine
more accurately the relationship be-
tween age and change in ROM.

CONCLUSION

Measurement of 28 active motions of
the right extremities in 30 men and 30
women showed that middle-old (75- to
84-year-old) individuals do not differ
significantly from young-old (60- to 69-
year-old) individuals. Only univariate
tests revealed significant differences be-
tween men and women of these age
groups. Substantive differences, be-
tween active ROM values measured in
this study and average estimates pub-
lished in the AAOS Handbook strongly
suggest that a separate data base of nor-
mative values is needed for certain ex-
tremity motions in the joints of the older
population. Clinicians may expect to
observe decreased ROM in healthy older
individuals.
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APPENDIX
Physical Activity Questionnaire

General

Activity Specific Activities

Activity

Level Duration

Frequency

PAL

Strolling
Moderate pace
Briskly

Walking

1

Slowly
Moderate
Fast

Jogging

Light (sweeping)
Housekeeping
Carpentry

Moderate (windows, ironing)

Riding lawn mower

Light gardening (planting)

Yardwork Power lawn mower

Moderate garden (digging)

Push lawn mower

Heavy garden (landscaping)

Table tennis
Doubles tennis
Singles tennis
Raquetball

Racquet
Sports

Slowly
Moderate pace
Fast pace

Golf

Slowly
Moderate pace
Fast pace

Swimming

Slowly
Moderate pace
Fast pace

Cycling

Social
Square

Dancing

Indoor
Sports

Bowiling
Conditioning exercises

Power boating
Sailing
Horseshoes
Shuffieboard
Softball

Hiking
Hunting
Fishing

Outdoor
Sports

SBHEPLPONPNONON I ON | PLV|OALWINEAW NPEAWONRPRWLWONERPWLON WWL{OTRW|WN

(Question #17): Total PAL =

TPAL is the total PAL.

Frequency
Score

(1) once/month

(2) twice/month

(4) once/week (4% /month)

(8) twice/week (8x/month)
(15) every other day (15x/month)
(20) 5x/week (20x/month)

(30) every day (30x/month)

APPENDIX KEY

PAL stands for Physical Activity Level'® '® 2 and is the activity level X frequency X duration.

Duration
Score

(1) X < 30 minutes

(2) 30 < x <1 hour

(4) 1 hour < X < 2 hours

(6) 2 hours < x < 3 hours

(8) 3 hours < x < 4 hours
(10) 4 hours < X < 5 hours
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