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fl}l(E)Onl\jl have only been partially studied (Bassey, Morgan, D,?“_OSS?'. &
Ebrahim. 1989; Cunningham, Paterson. Himann, &' Rech.muel, [993:
Kalscheur, Emery, & Costello. 1999). The literature is sparse on gender
differences in ROM for older persons.

neuromusculoskeletal values

Clinical observations suggest that as .
decline, functional limitations are likely to follow (Jette, Branch, & Berlin,

1990; Levy, 1993). Research has documented that the disease process de-
creases upper and lower extremity range of motion and decreases per-
formance in basic and instrumental activities of daily living (Holland,
Tanaka, Shigematsu, & Nakagaichi, 2002). It is therefore important for
therapists to recognize the typical aging process, and to distinguish the
aging process from the disease process (Hasselkus, 1993; Kaye, Oken,
Howieson, Howieson, Holm, & Dennison, 1994). To better document
range of motion changes involved in the aging process, this study had three
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METHODS
Participants

POtent' 2
Zen go Oll:;ligir:r;zllfl)aj?l::a\;v;?dcontaCted via local church and senior citi-
were: (1) 62 years of age or 1 13, €st communities. The inclusion criteria
munity, (3) available on th older, (2) living independently in the com-
1t the day of testing for approximately one hour.
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(:'l)v willing to complete a personal history form, and (5) able to provide
consent and submit voluntarily to the measurement protocol.

Measurement Instruments and Protocol

Standard plastic goniometers were used to take measurements fol-
lowing the Neutral Zero Method. Data collectors were trained over four
sessions to establish reliability. Practice in all sessions continued until
all raters achieved two repeated measures within 4 degrees or less for all
measures taken. Twenty-four measures were taken using a specified
protocol (Norkin & White, 1985). Measurement was completed using
recommended test position, stabilization, end-feel, and goniometric align-
ment.

Procedure for Data Collection

Participants wore garments that exposed the regions for testing. In-
quiries about painful conditions, palpation, and visual inspection were
used to screen participants prior to measurement. Measurements were
completed on each participant in one session using the established test
protocol.

Procedure for Data Analysis

Data were analyzed on the Alpha computer using SAS statistical anal-
ysis software (SAS Institute Inc., 1990). The comparison measures were
those established by the American Academy of Orthopaedic Surgeons
(AAOS) (1965). To compare women and men for expected range of
motion, mean end range and standard deviations were calculated. To
further compare range of motion between women and men, the Wilcoxon
rank sum test was used. Finally, to predict age-related range of motion
changes in older women and men. linear regression coefficients were
calculated.

RESULTS

Participants

_Pa_l_'nmpants included 61 women and 25 men who met the inclusion
criteria; all were Caucasian. Their occupations were reported as main-
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art-time as cash-
taining a household, volunteer work, and emp!?zlveocLE& was 63.0 years
iers, cooks, clerks, and secretaries. The yOutiges dian age of 72.75 years
of;l;ge; the oldest was 85.3. The females hz_ld ame 4 iDntervaIS. the age
and the mean was 73.07 * 6.16 years. Using five y‘ea B as fairly
distribution of the female participants across the ‘}g"el(c ;ere Betnoad
even: 15 women were between 63.0 and 67.9 yealts.. T:l_g_ 10 werclidll
68.0 and 72.9 years; 16 were between 73.0 and 77.){)’78-%’ 3 vorruli
tween 78.0 and 82.9 years; and 4 were between 83.?) anB 1h*malc% A
youngest man was 65.9 years of age; the oldest was 86.0. 1he 2y

i as 73.32 = 5.88 years.
a median age of 72.42 years and the mean was e He
Using five year intervals, the age distribution of the male pdr61%: 8 - d
across the age range was also fairly even: 5 men were between 65. d%n()
67.9 years; 9 were between 68.0 and 72.9 years; 5 were between yik
and 77.9 years; 4 were between 78.0 and 82.9 years; and 2 were between

83.0 and 86.0 years.
ROM Differences Between Men and Women

Mean end range and standard deviation were calculated for each mea-

sure for the males and females separately, and are presented in Table |,
The expected end range of motion as published by the AAOS (1965) ap-
pears in the second column. This provided preliminary comparison of
males and females in the context of expected end range values. The
Wilcoxon rank sum test was applied to determine if statistically signifi-
cant differences existed between the males and females (Table 1). A
nonparametric test was used because there was evidence that some of
the range of motion scores were not normally distributed. To maintain
an experiment wise error rate of 5% given that twenty-four Wilcoxon
rank sum tests were performed, Bonferroni’s Inequality, which states
that the results are only significant for p-values that are less than .0021.
was used. Using this criterion, the average end range for females .is g_m_’
tistically larger than that of males for neck extension (Z = —3.1() ‘p =
:002), right shoulder abduction (Z = —3.27, p = 001, and both right (Z
= —3.62, p = .000) and left (Z = —3.65, p = .000) elbow flexion. If a
comparison wise error rate of 5% is used, there is also evidence that the
average end range for females is statistically larger than that of males
for left neck lateral flexion (Z = —=2.44, p = 015), hoth right (Z = —? 43
p=015)and left (Z = ~2.07, p=.039) shoulder flexion, both righ (7
—2.84, p =.005) and left (Z = —2.83, p = .005) shoulder internal rota-
tion, both right (Z = —2.69, p = .007) and left (Z = —2.00, p = .045)
shoulder external rotation, both right (Z=-2.83,p= .005) and left (7‘:'
—2.81, p=.005) forearm pronation, right wrist flexjon (Z=-2.06,p=
.040), and left wrist extension (Z = —2.18. p = .029). il
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TABLE 1. Range of Motion Measures for Expected End Range, Mean, and
Standard Deviation and for women and Men

Measurement EXpsgt:geEnd Mggfr‘\gEgd M%‘;’Agﬁen . 8\:{:,?%1{:?; [s)tefxrni‘gtzé?\
(degrees) ‘3\73::33 (d(e ;?55) (Wo
Neck Flexion 45 42.15 40.92 LR da
Neck Extension®* 45 40.67 29.72 13.23 14.31
on
Nec;igL::eral Flexi ¢ e fov o 6.29
Left* 45 26.41 21.68 7.67 7.70
Neck Rolation
Right 60 61.82 58.84 11.88 10.16
Left 60 56.87 56.92 10.33 10.79
Shoulder Abduction
Right** 180 154.62 130.52 NI 35.26
Left 180 150.25 141.12 21.65 22.95
Shoulder Flexion
Right* 180 158.23 151.76 19.55 16.53
Left* 180 159.20 152.68 8.73 16.42
Shoulder Internal Rotation
Right* 70 52.92 45.60 8.99 9.47
Left* 70 53.74 47.32 9.94 8.63
Shoulder External Rotation ;
Right* 90 76.05 66.36 16.31 12.55
Left* 90 72.44 65.48 15.37 14.16
Elbow Flexion
Right** 150 148.61 142.48 472 .22
Left*” 150 149.39 143.20 877 6.37
Forearm Supination
Right 80 86.89 84.68 8.49 8.61
Left 80 89.84 90.08 4.29 15165
Forearm Pronation
Right* 80 87.16 81.68 7.81 7.41
Left* 80 88.48 84.20 5.58 11.08
Wrist Flexion
Right* 80 71.03 66.04 8.78 9.34
Left 80 - 68.10 63.84 8.40 8.03
Wrist Extension
Right 70 59.02 57.36 857 10.90
Left* 70 64.23 58.96 8.80 10.92

Note: Data for Expected End Range from Joint Motion: Method of Measuring and Recording, by American
Academy of Or_thopaedic Surgeons, 1965. Women participants N = 61; male participants N =25. "p < .05
(comparison wise error rate of 5%) **p < .0021 (experiment wise error rate of 5%). All statistically signifi-
cant differences show females ROM greater than males.
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ROM Decrease with Age in Men and Women

To determine if active ROM decreased with age unc! if this ch{mge dlf;

%o _ , AN - e linear regression analyses Were
fered for males and females, multiple linear regl _ & e
performed with age, gender, and age-gender interaction as L e.‘m
pendent variables and ROM as the dependent variable. First, a t-test V\:as
performed to determine if there was an interaction between age and gen-
der. There was a significant interaction between age and ge'nd(?r for bpth
left forearm supination (t = —2.90. p = 0.005) and for rightﬂwrlst'ﬂeXlOﬂ
(t=2.26, p=0.026). This was unfortunate because a significant interac-
tion makes it more difficult to determine if there is a significant relation-
ship between ROM and age for males and females.

For the remaining ROM, multiple linear regression analyses were
performed with age and gender as the independent variables and ROM
as the dependent variable. The estimated regression coefficients (both
intercept and slope), t-values (for age and gender), and p-values (for age
and gender) are presented in Table 2. Of the 22 measurements used (not
including left forearm supination and right wrist flexion which had sig-
nificant age-gender interaction), 10 changed with age to a statistically
significant degree. These were: neck extension, left neck lateral flexion,
right neck rotation, right shoulder abduction, right shoulder flexion,
right and left shoulder external rotation, right forearm supination and
pronation, and right wrist extension. For these 10 ranges, the amount of
statistically significant ROM decline that occurs each year as age pro-
gresses varies from an average of 0.3 | degrees per year of age for both
right forearm pronation and right forearm supination to an average of
1.09 degrees per year of age for right shoulder external rotation.

In addition, of the 22 measurements used (not including left forearm
supination and right wrist flexion which had significant age-gender in-
teraction), 14 differed for gender to a statistically significant degree.
These were: neck extension; left neck lateral flexion; right shoulder ab-
duction; left shoulder flexion; right and left shoulder internal rotation;

right and left shoulder external rotation; right and left elbow flexion;
right and left forearm pronation; left wrist flexion; and left wrist exten-
sion. These findings are essentially the same as those obtained using the
Wilcoxon rank sum test with a comparison wise error rate of 5%. The
only differences are that right shoulder flexion was determined to be
significant using the Wilcoxon rank sum test but was not significant in
the regression analysis; right wrist flexion was also significant using the
Wilcoxon rank sum test but could not be tested using the regression
analysis because age and gender had a significant interaction; and left



Kalscheur, Costello, and Emery 83
TABLE 2. Linear Regression Coefficients of Motions by Age or Gender
Movement Estimated Regression Age Gender
Coefficient :
Intercept  Slope t-value p-value t-value p-value
Neck Flexion =012 0.904 -0.44 0.659
Male 42.769 —0.025
Female 43.990 =0:025
Neck Extension —2.34 0.022* —3.45 0.QO1 i
Male 70.259 =0i5538
Female 81OV —=0.5538
Neck Lateral Flexion
Right -1.16 0248  —1.81 0.074
Male 34.859 —0.169
Female 38.337 —0.169
Left -2.62 0.011* -2.63 0.010"
_ Male 47217  —0.348
Female 51.860 —0.348
Neck Rotation
Right —2.78 0.007* —1.09 0.279
Male 99.036 —0.548
Female 101.879 —0.548
Left —1.49 0.141 0.05 0.961
Male 77240  -0277
_Female 77120 -0.277
-3.95 0.000*

A73
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TABLE 2 (continued)
Gender
Movement Esﬂmg:)eedfff;{;g::tsslon Age
Intercept __Slope t-value p-value tvalue  pvalue
i:;;"der Internal Rotation i e tah 0.001*
Male 59.074 —-0.184
Female 66.346 —0.184
Left 0.90 0.369 —2.83 0.006"*
Male 35.913 0.156
Female 42.369 0.156
Shoulder External Rotation
Right -4.37 0.000* —2.85 0.006"
Male 146.262 -1.090
Female 155.679 —1.090
Left —3.11 0.003*  —1.99 0.050"
Male 124.046 =0:799
Female 130.810 =099
Elbow Flexion 4
Right .65 0.103 —-4.66 0.000"
Male 154.415 —0.163
Female 160.501 —-0.163
Left —1.57 0.119 —-4.39 0.000*
Male 155.400 —0.166
Female 161.552 —0.166
Forearm Supination
Right -2.09 0.040" =107 0.287
Male 107.626 —0.313
Female 109.753 —0.313
Left - s
Male 165.619 —1.030
Female 90.919 —0.015
Forearm Pronation
Right -2.32 0.023* -3.03 0.003"*
Male 104.585 0312
Female 109.991 —(0:312
Left -1.33 0.187 -2.36 0.020*
Male 97.400 —0.180

Female  101.631  —0.180
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TABLE » (ContinUed)
Mov ;
ement Estimateq Regression
Coefficient Age Gender
Intercept Slo
e 5
Wrist Flexion tvalue  p-value t-value p-value
R'ght ek *obe b
Male 42.723 0.318
Female 105.740 -0.475
Left =1.14 0.260 =205 01035"
Male 78.959 -0.206
Female 83.166 -0.206
Wrist Extension
Right ~2.48 0.034® —0.73 0.470
Male 83.191 =352
Female 84.760 —0.352
Left -1.14 0.260 =230 0.022*
Male 73.052 —0.192
Female 78.273 —-0.192
Note: *p < .05

wrist flexion was determined to be signi!’icam using the regression anal-
ysis but was not significant when the Wilcoxon rank sum test was used.
The results from the Wilcoxon rgnk sum test are more reliable be_cal!se
there was evidence that some of the ranges were not normqlly dlstrft?-
uted and the Wilcoxon rank sum test does not assume that the data are
normally distributed.

Predicting ROM in Older Men and Women

The estimated regression coefficients can be used to predict the ROM
for any woman between the ages of 63 and 85 and any man between t{le
ages of 66 and 86. However, there can be much variability among the
actual ROM that is observed for individual women and men. For exam-
ple. neck extension for a woman of 70 years, using the regression equa-
tion, is predicted to be 42.37 degrees because 81.073 - 0.553 (70) =
42.37. Yet, the two women in this study who were aged 70 had actual
neck extension measurements of 27 degrees and 40 degrees. The pre-
dicted range of motions for males and femalgs aged @5,.70, 75, 80, and
85 was calculated using the estimated regression coefficients and the re-
sults are given in Table 3.
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TABLE 3. Predicted Range of Motion at Various Ages

Movement Age
65 70 745 80 85
Neck Flexion
Male 41.13 41.00 40.88 40.75 40.63
Female 42.35 42.23 4210 41.97 41.85
Neck Extension
Male 34.32 31.56 28.79 26.03 23.26
Female 4514 42.37 39.61 36.84 34.08
Neck Lateral Flexion
Right
Male 23.89 23.04 22.20 211,95 20.51
Female 27.36 26.52 25.67 24.83 23.99
Left
Male 24.58 22.84 21.10 19585 17.61
Female 29.22 27.48 25.74 24.00 22.26
Neck Rotation
Right
Male 63.40 60.66 57.92 55.18 52.44
Female 66.24 63.50 60.76 58.02 55.28
Left
Male 59.22 57.84 56.46 55.07 53.68
Female 59.11 B2 56.33 54.95 53.56
Shoulder Abduction
Right
Male 139.44 134.08 128.72 123.36 118.00
Female 163.28 157.91 HI52:56 147.20 141.84
Left .
Male 147.04 143.48 139.93 136.37 132.81
Female 155.99 152.43 148.87 145.32 141.76

Shoulder Flexion
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TABLE 3 (continued)

Movement Age
65 70 75 80 85
Shoulder External Rotation
Right
Male 75.43 69.98 64.53 59.08 53.63
Female 84.85 79.40 73.95 68.50 63.05
Left
Male 72.13 68.13 64.14 60.15 56.15
Female 78.89 74.90 70.90 66.91 62.91
Elbow Flexion
Right
Male 143.83 143.02 142.21 141.39 140.58
Female 149.92 149.11 148.29 147.48 146.67
Left
Male 144.58 148575 142.92 142.09 121.26
Female 150.74 149.90 149.07 148.24 147.41
Forearm Supination
Right
Male 87.28 85.72 84.15 82.59 81.03
Female 89.41 87.85 86.28 84.72 83.15
Left
Male 98.65 93.50 88.35 83.20 78.05
Female 89.96 89.88 89.81 89.73 89.66
Forearm Pronation
Right
Male 84.28 82.72 81.16 79.59 78.03
Female 89.69 88.12 86.56 85.00 83.44
Left
Male 85.70 84.80 83.90 83.00 82.10

Female  89.93 89.03  88.13 87.23 86.33
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DISCUSSION

the t;;;z;llli; iﬁlgo;;/:l‘gsqu :E(S];llt% ‘that range of motion decreases as part of
Cunningham, Paterson kH' assey, Morgan, Dallosso, & Ebrahim, l9ﬂ89;
ery, & Costello 1999)~ Tlim-am‘j’ & Rechnitzer, 1993; Kalsgheur, b'm—
Vil as wall o8 qatil crapists can expect range of motion decline

g s gender differences, with women having greater range
than men, on average. The regress; i g6 %
R@Mfor any worna .b € regression coefficients can be used to predict
o an between 63-85 and any man between 66-86 years
tril};{’tgsteol?l?;lgttfrerf]]tmts are for individual joint motions thought to con-

e ional performance in upper extremity activities. Partici-
pants lived independently in the community and were without reported
impairment and disease process. This expected baseline information is
important for therapists because it establishes a comparison from which
more in-depth evaluations of clients with impairment and disease pro-
cess can be done.

In addition to typical client evaluation, established measurements of
expected ROM on older women and men may assist therapists in other -
ways. Outcomes research on the efficacy of treatment for improved
functional ROM with use of comparison groups may be enhanced
(Knebl, Shores, Gamber, Gray, & Herron, 2002). Additionally, these up-
per extremity and neck measures can be examined in combination using
flexible electrogoniometry to examine composite range needs for func-
tional performance (Rowe, Myles. Walker, & Nutton, 2000).

In summary, the expected decline in range of motion in women and
men as they age is reported. While these values should not be used to
limit an individual client, these typical measurements can assist thera-
pists in making decisions about intervention to improve functional per-
formance. Replication of this study may provide for stronger establish-
ment of norms by age and gender that are needed to distinguish the ag-
ing proce ~ 1993; Kaye et al,,

: Method of mea-

). Flexibility of
tative sample



