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Maximal voluntary and functional performance levels needed for independence
in adults aged 65 to 97 years
Cress et al. 2003, Physical Therapy; 83, 37-58

Age-related loss of muscle mass and cardiovascular endurance can lead to impairments in
muscle [orce production and cardiac function that, in turn, limit [unction, such as activities
essential to everyday livingdl-3 Thesg } ften described in the context of
the disablement model, where " 1iilﬁ*@fersﬁiff i
defined tasks.4 Underlying inip 8, lack Offimg wcle e or endurance) often
contribute to functional li i tg, being ungble to walk res) 5These disabilities
can even lead to institutionalizati P:.J-F g disability, the importance of
accounting for demands of = = i is often overlooked
Depending on the difficult i d' ilit ima e to environmental
demands.@ While aging in th S ifonment, af fng alimay eventually have

driving, or taking a bus may impede a per: bility to oblain groceries and, therefore, to
live without assistance in a single-family dwelling®

In this article, we examine @levels of the disablement model: impairment, functional
limitation, and disability. For impairment in our study, we measured maximal voluntary
performance for acrobic capacily and maximal voluntary muscle torque. Aerobic capacity
is reported as peak oxygen consumption!®and muscle torque is reported as maximal
voluntary muscle lorque for the quadriceps femaoris muscles.d 0)Protocols for maximal
voluntary performance measures were developed in an effort to isolate the variable of
interest-aerobic capacity or maximal voluntary force-and to minimize the influence of
other factors. When these protocols are adhered to strictly, these continuous-scale measures
are reproducible and valid®,10 In our view, the advantages of these measures are thal they
are well-established markers of physical conditioning that are frequently reported in the
literature. Functional limitations have been defined as the gap between a person's
capabililies and (he demands of the environmentd P The "functional limitation" component
of the disablement model was assessed using@Imethods; measurement of
performance-based physical lunction and measurement of self-reported physical function.
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We use the term "physical function” to refer to the continuous-scale performance-based
measure ol everyday tasks important for living independently. The term "functional
limitation” is used exclusively when referring to self-reported limitation in the ability to do
tasks necessary for basic activities-of-daily living. The "disability" component of the
disablement model is reported as a dichotomous independent-dependent variable based on
the level of function limitation reported. Living environment is also reported. Participants
resided in detached single-family houses, were community dwellers, or resided in
continuous care retirement facilities.

Maximal voluntary performance declines begin in the fourth decade02) whereas marked
increases in the prevalence ol disability associated with aging do not occur until after the
age of 79 years{ 3 The delay in the Ioss 01 fl%gl%lmn relative (o that of the loss of maximal

voluntary performance, in owr opinigh)1 ' ied 1o physical reserve (i, maximal
voluntary pcrlonmnce n exc B hath N fdaily functions). Physical
reserve can ptovide a "mar g bf 5 inst fiRCH }g‘@line 14 Below the threshold,
function decreases are mo,@ d‘l@é 50C1a /ilh loss ﬁﬁﬁammal voluntary

physical reserves. Wllhauﬁon a 1n lh@:early stages of physxcal
decline, people use modlﬁ&llﬁ g }Qands of independent living

(eg, cooking fewer meals, u@ tion of the mﬁ@) ’Modlﬁcatlon strategies most
likely can forestall disability %

reserves depleted below the level 1eq
disability, depending on the environment/] 5

In this article, we provide an analysis of the relationship between commonly reported
measures of maximal voluntary performance and what we view as clinically relevant
measures of physical function. The first purpose of our study was to explore the
relationships between the measures of maximal voluntary performance and physical
function in order to identify the breakpoint or threshold between physical function and@)
maximal voluntary performance measures, The second purpose of our study was to
evaluate the utility of using the threshold to assess the “ability to live independently,"
based on sell-reported function in older adults with a broad range of abilities,
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MATERIALS AND METH@DS i, s+
Subjectsal B

Muscle strength around the knee was measured in 49 esteoarthiitic knees of 32 women: |7
knees were affected with ostecarthitis bilaterally (Ostesarthriis Group). ['here wis o
history of any medication, surgical eatments, or physical therapy before admission (o the
hospital. The mean age of the patients al the initial visit was 62.3 years, ranging from 43 to
78 years.

The other group (Control Group) consisted of 13 knees of 13 women with no history of
knee disease. The 13 knees were used as controls for comparison with the Ostecarthritis
Group. The mean age of the Control Group was 60.5 years, ranging from 49 o 73 years
(Lable 1),

Subjects with any serious complications or pain in the ipsilateral hip, ankle, or
patellofemoral joint were excluded from the study.
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Measurement of Femorotibial Angle and Grading of Osteoarthritis «

Anleroposterior radiographs of the knees during one-leg standing were taken, and the

femorotibial angle 2.10.13 was measured as a parameter to assess limb alignment. A straight
line was drawn along the axis of the femoral midshaft to intersect a corresponding line
drawn through the axis of the tibial midshaft. The lateral angle around the intersection
between these two lines was measured as a femorotibial angle.

The advanccmem of medial comparlmcnta] knee osteoax‘thritis in the os(emrthritis group
critevia 1). Ths—: system has six gmdu Grade 0. nurmzli appearance:; (;radc 1. bone sclerosis
or osteophyte lormation; Grade 2, joint space ndnownw less than 3 mm; Grade 3,
obliteration of joinl space or sublux

mm; and Grade 5, more than Sﬁ weﬁfﬂc c& uxation mdmale,d the
condition in which the med;@%d i als showed a lateral shift by
more than 5 mm against tfﬁhﬁdi @c‘%of the medial femoral
condyle without includin@sleo hyle ) r__ 0 {his c assn‘&anon 17 knees were

classified as Grade 1, 23 vg 8 Chra
Measurements of Musg{@ ;

X A
Isometric muscle strength was ﬁ%&edﬁﬁ u;mk% M)ﬁgﬁéﬁm GT-50 (OG-giken,
Okayama, Japan), in which pushmg upte g

sensor with a measuring accuracy of within 3%.

To measure isometric quadriceps muscle strength, each patient was in the supine position
and raised her leg with the knee extended by pushing up an electrical sensor-fixed pad
which was applied to their ankle (Fig 1A). The measurement was repeated three times at
10-second intervals, Similarly, isometric hamstring muscle strength was measured with
cach patient in the prone position with knee flexion (Fie 1B). Isometric muscle strength of
the hip adductors, which includes adductor magnus, adductor brevis, and adductor longus.
was measuted in the lateral position with hip adduction (Fig 1), Isometric muscle strength
of hip abductors, the glutcus medius, also was measured in the lateral position (Fig 1D).
Setting of the patient’ s position, equipment, and measurement were done by the same
mvestigator to ensure accuracy.

Statistical Analysis i
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All measured varidbles and subjects’  data were entered in a computer dalabase (StatView
for Macintosh, Version 5, Abacus Cancepts, Inc, Berkeley, CA). In consideration of the
differcnces in body weight and body height of the subjects, each muscle strength was
converted into the absolute value and the ratio between the two opposing muscles. For
example, the ratio of quadriceps to hamstring strength was oblained by dividing quadriceps
strength by hamstring strength. The ratios of adductor to hamstring strength and abductor
to hamstring strength were calculated in the same way. One-way factorical analysis of
variance (ANOVA) and multiple comparison tests were done with the same program (o
-analyze the results. A p value less than 0.05 was considered significant.

RESULTS
Patient Profiles

The mean of the femorotibial an %
valgus angulation). ranging fy 11}3-

tendency) than the mean of q;.@

t}@omzc valgus angulanon)

ranging from 172 to 177X % shown to increase as the

severily of osteoarthritis r@

ﬁ

iy )
Comparison of Muscle Stre@w §§,€§W’% Groups 1

The mean quadriceps strength in Grade 2 knees (6.0 kg) was significantly smaller than that
in Grade 0 knees (8.3 kg) (p < 0.05). However, there was no significant difference in the
quadriceps to hamstrings ratio between each grade (Table 2). The adductor to hamstrings
ratio in the osteoarthritis group (0.81) was significantly greater than that in the control
group (0.59) (p < 0.01) (Fig 3). The adductor to hamstrings ratio in Grade 3 knees (1.04)
was significantly greater than that in Grade 0 (0.59) (p < 0.01), Grade 1 (0.72) (p < 0.05),
and Grade 2 knees (0.79) (p < 0.05), and the adductor 10 hamstrings ratio in Grade 2 knees
was significantly greater than thal in Grade 0 knees (p < 0.05) (rable 2, Fia 4).
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TABLE 1. Parameter in Two Groups*Mean + standard deviation, with range in
parentheses.FTA = femorotibial angle.

TABLE 2. Muscle Strength and Muscle Strength Ratio*Mean + standard deviation;
Q/H = Ratio of quadriceps to hamstrings strength; Add/I = Ratio of adductors to
hamstrings strength; Abd/H = Ratio of abductors to hamstrings strength

Fig 1A-D. (A) Method of measurement of quadriceps strength. [sometric strength of
the quadriceps is measured using a Musculater GT-50 (OG-giken, Qkayama, Japan)
with the patient in the supine position. Each patient raised her leg with the knee
extended by pushing an electrical sensor fixed pad applied to the ankle. (B) Method of
measurement of the hamstring strength. Isog&énc strength of the hamstrings is

measured with the patient in the ;@ﬁ%@ hilenee flexion. (C) Method of
measurement of hip adductor g@% i dtigtor muscle strength is
measured against hip adduction w posmon (D) Method of

measurement of hlp 1l)clu% l*‘%‘%,

in ka gfﬁdg?Fco:ot:blal angle of

osteoarthritic knees was 3}1%@ ihcrgase gﬁf of the osteoarthritic
grade. (f p <0.01 by one- way%c@am%mplc comparison test.)

ﬁy
Fig 3. Muscle strength ratio in cacllzloumggﬂ to hamstrings ratio in
Osteoarthritis Group (0.81 £ 0.30) was significantly greater than that in the Control
Group (0.59+0.16, p. < 0.01). (1 p <0.01 by one-way factorial ANOVA and multiple
comparison test,)

Fig 4. Adductor to hamstrings ratio in each grade. Adductor to hamstrings ratio in
Grade 3 knees (1.04:£0.32) was significantly greater than that in Grade 0 (0.5940.16, p
<0.01), Grade 1 (0.72+0.18, p < 0.05) and Grade 2 knees (0.79+0.33, p < 0.05), and
adductor to hamstrings ratio in Grade 2 knees was significantly greater than that in

Grade 0 knees. (t p < 0.0] and * p <0.05 by one-way factorial ANOVA and multiple
comparison test.)
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TABLE 1. Parameter In Two Groups
Numbers of Patlents Age* FTA In Standing* Height* Weight*
Group and knees [Years] !Degre.es] [Cm] [Kg]
Osleoat hritis 32 women, 49 knees 62.3 = B0 (43-78) 179.8 = 4.3 (173-189) 1520 = 4.8 (140-161) 577 =69 (47 5-79)
Grade 1 14 women, 17 knees 58.1 = 87 (43-70) 176.1 = 2.4 (173-181) 1515 = 4.2 (140-158) 574+ 76 (48-79)
Grade 2 16 women, 23 kneeg 635 + 67 (47-78) 180.2 = 3.0 (175-187) 1623 = 55 (143-161) 578 £ 78 (47 5-79)
Grade 3 5 women, 9 knees 67.0 %87 (59-78) 1858 = 3.0 (180-189) 152.2 + 4 7 (143-158) 581 25 (55-63)
Conlrol 13 women, 13 knees 605 = 6.5 (49-73) 174.7 £ 1.4 (172-177) 1512 £ 4.8 (140-158) 563 + 50 (50-66)

‘Mean = slandard devialion, with range in parentheses.
FTA = {emarolibial angle

& o
gy L/
}r f
TABLE 2. Muscle Strength and cle Streng
Quadriceps® Ad . clors®
Group [kg] Q/H* Add/H* Abd/H*
Ustaoarthritis . 67 +24 090 = 0.40 081 = 0.30 104 = (a1
Grade 1 1920 0.98 = 0.40 072018 102 =042
Grade 2 60x26 0.83 = 0.45 079+ 033 1.00 =046
Grade 3 64 =15 091 =019 104 *032 120+ 019
Control 83+18 0.91 =023 058 =016 0891 =018
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P
ength of the quadriceps is
the patient in the supine posi-
gan eléctrical sensor fixed pad ap-

ngllE¥sometric strength of the ham-
flgfion (C) Method of measurement

Fig 1A-D. (A) Method of m ésﬁtﬂne

measured using a Musculatef G T-50,(¢ ]
lion. Each patient raised her leg witkifhe &
plied lo Ihe ankle. (B) Method of e
stiings is measured with the palientif
of hip adduclor strength. Isometric hip i easured against hip adduction with
the patient in the lateral position. (D) Me ol.measurem

amen! ip abduclor strength. Isomelric hip
abductor muscle strenglh is measured ;Jgalnsh{fbf.aﬁd\bbdnn wilh the patient In the lateral position

190
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180

175

Femorotibial angle (degrees)

17 i
Grade 0 Grade | Grade 2 Grade 3 Fig 2. Mean standing femorolib-
Radlographic graling lal angle (FTA) in each grade.

Feorotibial angle of osleoarthritic
‘ L | ¥ | lﬁ}_' knees was shown to increase
(%,

with advancemenl of lhe os-
leoarthrilic grade. (t p < 0.01 by
one-way factorial ANOVA and
multiple comparison lest.)
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o (i'{ig 3. Muscle strength ralio in

th group. Adductor to ham-
_,'stnrigg ratio in Osteoarthritis
) rj,n 1(0.81 = 0.30) was szgmf-
\ icanllg-grealer than that in the
| Contral Group (0.59+0.16, p. <
0.01). ¢ p < 0.01 by one-way
factorldl ANOVA and multiple
Chmpaason tesl.)

Fig 4. Adduclor to hamsltrings
ratio in each grade. Adductor to
hamstrings ratio in Grade 3
knees (1.04x0.32) was signifi-
cantly greater than that in Grade
0(0.59+0.16, p < 0.01), Grade
Y i 1 (0.72+0.18, p < 0.05) and
Grade 0 Grate 1 Grade 2 Grade 3 Grade 2 knees (0.79=0.33, p <

Ratio

0.05), and adductor to ham-

Bollueraphic grofliog suin)gs ratio in Grade 2 knees

¢ =t e T was significantly greater than
l that in Grade 0 knees. (f p <

* 0.01 and * p < 0.05 by one-way

factorial ANOVA and mulliple
comparison test.)
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