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Purpose: To assess the relationships between knee extension
strengths and lower extremity functions in subjects with
dementia and to predict lower extremity functions using knee
extensior?;trength. Methods: Fifty-four nursing home residents
with demehytia were enrolled in the study. The strength of the
knee extensgr was measured using a hand-held dynamometer.
To predict lower extremity functions, subjects were classified
into two grouﬁs: those who could dress their lower body, toilet,
transfer to bed/toilet/shower and walk indepentlently, and
those who required assistance. Knee extension sirength was
compared betweeh the two groups. Results: Logistic regression
analysis showed that the strength of the knee extensor muscles
was a significant pre&llctor of the ability to dress thq lower body

(odds ratio, 109.90; 95% Cl, 7.60-1589.49), toileting (odds ratio,
18.29; 95% Cl, 2.41-138.84), transferring to bed/toilet/shower
(odds ratio, 39.70; 95% Cl, 4.51-349.08), and gait performance
(odds ratio, 12.77; 95% Cl, 2.30-70.77). The curve of the
negative and positive predictive values indicated that a cutoff
score of 0.8 Nm/kg would provide the best balance for dressing
the lower body and toileting; 1.2 Nm/kg for transferring to bed/
toilet/,’hower; and 0.6 Nm/kg for gait performance. Conclusions:
Knee éxtension strength was significantly related to the lower
extrefnity functions in people with dementia. Moreover,
thresbold levels of sﬁength existed that could predict lower
extr mity dysfuncqbns in people with dementia.
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Introduction

Lower limb weakness has been identified as an important risk
factor for an inability to perform lower extremity functional
tasks, such as walking, sit-to-stand transfer, climbing steps, and

lower bodyﬁressmg [1,2]. Throughout the aging process, people
demonstraté an overall decline in muscle mass [3,4]. This gen-
eralized loss of skeletal muscle is considered a major factor lead-
ing to the development of impairments in muscle strength for
older adults{[5]. This muscle weakness associated with aging

ers, lower extremlty functxohal decline may be ;he
natic aspect of the condmoh because loss of ﬁ(nc-
jated with cognitive dechnp, death, ;ind increases
care and the risk of msutuponahza(wn, syéh care
the majority of dlsease-relaped cogl's [12,14].
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egions such as Japan, the United States and Europe,

/; of patients with dementia by knee muscle strength, train-

;Yedge, this is the first study to,démonstrate the threshold level
{ of s required to rm lower extremity functional

for “normal” performance of specific activities. Above
this threshold level of strength, further increases will not
enh performance of the task. Below the threshold,
the; ould, theoretically, be a stronger relation between
st change and change in performancehe
befiefit of structured exercise programs, little is known
about the relationship between knee extension strength
/and lower extremity functions, and the threshold level of
to predict lower extremity dysfunctions is un-
knoyn in people with dementia. Thus; it is still difficult =
to predict the level of muscle strength that enables patients
dementia to carry out lower extremity functions in-
ependently. If we could predict lower extremity functions

ing for regaining lower extremity functions would become
morg evidence-based in an aging society.

Therefore, this study was designed to assess the relation-
shlps between knee extension strengths and lower extrem-
iy functions in subjects with demgntla and to predict lower
A£xtremity functions by knee extepsion strength. Tootir knowl-

ependently. -
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Methods

Eligibility criteria

Eligibility criteria included presence of dementia and nursing
home residency, absence of delirium, palsy, or knee pain and
injury, and the desire to participate in the study. Dementia
was diagnosed according to the clinical criteria of the National
Institute of Weurological and Communicative Disorders and
the Stroke-Alzheimer Disease and Related Disorders Associa-
tion (NINCD§S-ADRDA [17]). Individuals were excluded if
they could nof\‘push against the dynamometer with their leg
with physical giidance. The study was approved by the ethics
committee at Niigata University of Health and Welfare. All
subjects and their\families were briefed about the aims of the
study and the testing procedure prior to participation. Writ-
ten informed conselt was obtained from each subject and/or
their family. This study was performed in accordance with the

m——

Statistical analysis
The average values and standard deviations (SD) of lower
extremity items of the FIM in 10 people with dementia were
assessed to determine the sample size. The average + SD FIM
scores for 10 subjects ranged from 5.1 to 6.2 points (dress-
ing lower body, 5.1+2.1; toileting, 5.4+2.0; transfer to bed,
6.2+ 1.4; transfer to toilet, 6.1 + 1.4; transfer to shower, 5.6 +1.8;
and gait performance, 5.9+ 1.5 points). The sample size calcu-
lation was based on a desired 95% statistical power to detect
a 1-point difference in the FIM lower extremity item scores,
with a 2-sided a of 5%. The average value and SD of the highest
FIM lower extremity item score in 10 patients with dementia
was assessed to determine the standard effect size because the
significance is difficult to detect at a high score. The highest
average FIM score was the transfer to bed, and the standard
effect size was 0.62. A sample size of 44 was derived by inser-
tion of 1-power (0.05), B (0.20), and standard effect size (0.62)
values in the Hulley matrix [21]. The authors therefore took
the variability of independence levels into consideration and
planned to recruit 44 people with dementia for this study.
Studies have shown a strong relationship between force
measured by the equipment and the subject’s body weight
in strength measurerdents [22,23]. The variability (relative
dispersion) of the fofce scores was reduced by normalization
against body weigh’t. Thus, the torques (Nm) determined by
force (N) and lower leg length (m) were normalized against

/
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Results

Fifty-four people with dementia (13 males, 41 females) were
recruited from a nursing home. Characteristics of the subjects
are presented in Table 1. Subjects ranged in age from 72 to 104
years (average, 87.0 years; standard deviation [SD], 5.7 years).
Body weight was between 28.8 and 86.0kg (average, 46.0kg;
SD, 9.5kg). Lower leg length, which was the distance between
the upper end of the lateral condyle of the tibia and the lateral
malleolus of the fibula was between 0.27 and 0.45 m (average,
0.36 m, SD, 0.04 m). The test subjects included 40 participants
with a diagnosis of probable Alzheimer’s disease, according to
the NINCDS-ADRDA criteria [19]. Fourteen were categorized
as mixed AD with a vascular component. The MMSE score for
the 54 subjects rafiged from 0 to 24 points (median, 11 points;
IQR, 7-14 points). The DBDS score for the 54 subjects ranged
from 1 to 56 pgints (median, 19 points; IQR, 12-27 points).
The strength offthe knee extensor muscles for the 54 subjects
in this study rdnged from 3.7 to 83.5 Nm (average, 33.4 Nm;
SD, 21.0 Nm); Normalized knee extensor strength for the 60

subjects in this study ranged from 0.09 to 1.66 Nm/kg (aver-
age, 0.72; SI¥, 0.42 Nm/kg).
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Statistics related to the subjects’ performance are presented
in Table 2. The knee extensor muscle strength and MMSE score
for patients who could dress the lower body, toilet, transfer to
bed/toilet/shower, and walk independently were significantly
higher than in patients who could not. The DBDS score of
the patients who could dress the lower body and transfer to

bed/toilet/shower independently was significantly lower than
in patients who could not. Independence in lower extremity
functions was not significantly associated with age and sex.
Forward stepwise logistic regression analysis of the 5 variables
(age, sex, normalized knee extensor muscle strength, MMSE
score, and DBDS score) showed that the strength of the knee
extensor muscles was a significant predictor of the ability
to dress the lower body (odds ratio, 109.90; 95% CI, 7.60—-
1589.49), toiletingXodds ratio, 18.29; 95% CI, 2.41-138.84),
transferring to ilet/shower (odds ratio, 39.70; 95% CI,
4,51-349.08), and gal performance (odds ratio, 12.77; 95%
CI, 2.30-70.77; Table 2). The MMSE score was only a signifi-
cant predictor of toileting.
Subjects’ independencalevels for lower extremity functions
are presented in Figure 1.The transfers to bed/toilet/shower
had a lower independence l&yel than other functions. In con-
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Table 1. Characteristics of patients who satisfied the eligibility criteria. Ll ok
Age (years) 87.05.7 00 R 0
Sex (N) 02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16
Fcﬁnk 41 Normalized kace extensor muscles (Nm/kg) Normalized knee estensor muscles (Navkg)
M* 13 A. Predictive valoe for dressing lower body performance B. Predictive value for toileting performance
Body weight (k; 46049
Y Yﬂs ( 3) ~ o 1.0 O ° L] 190 ° o
Lovwer leg length (m) 0.363.04 | © 4 |
Mini-Mental State Examination 11 (7-}8) L 08 < 5 O L9 o . °
Demen§a Behavior Disturbance Scale 19 (12-37) ] 0 s °© o o T e O o °
Functio§al Independence Measure Y\ B . © ° gte © & e &
1 =2 | 2
Dressing the lower body 52-1 \ T e F o4
1 =
Toiletibg 52-7) \ = - i
{
Transféring to bed/toilet/shower 537\ \‘ |
Walking 6(2-6) 5\ ‘a0 - 00 : e
Values are ‘{.‘s" £ SD or median (interquartile range). “‘ \“ 02 04 06 s 10 12 14 1.6 0.2 04 0.6 0s 1.0 12 14 1.6
U w \ \ o .
i . \‘ \‘ Normalized knee extensor muscles (Nmvkg) Normalized knee extensor musches (Nm/kg)
1 Ny o
| . \\ \“ oy vikie o, Phctic pectormances D. Predictive value for gait performance
1 s, \ \
\ N \ \
\ K \
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Discussion

Lower limb strength is essential in every-day life activi-
ties. In the present study, a relationship between the knee
extension muscle strength and lower extremity functions
was discovered. The final regression model in our study
showed a significant relationship between knee extensor
strength and lower extremity functions such as dressing the
lower body, toileting, transferring to the bed/toilet/shower;
and gait performance. Gait performance needed the lowest
strength level for knee extension among the lower extrem-
ity functions. About 708 of patients with a normalized
knee extension strength /of 0.6 Nm/kg or more were able to
walk independently. Hgiwever, about 70% of patients with a

= R e
R = —=

—_— —
m— e S ——

ing those of the loweg extremities. In our study, the cut-off
values of knee extens)’on strength for subjects with dementia
who could carry out ’lower extremity activities independently
were clearly demon]strated. Therefore, these cut-off values
contribute towards,predlctlon of the extent or duration of the
loss of lower exqu'mlty functions and lower limb weakness,
and to an mcrea;mgly evidence-based approach for advo-

cating resis:ance,:‘tminin for patients with dementia. To our
7
knowledge, thisio d rate
PPy 4 ]
the predictive values of knee muscle strength for independent
A

tha't/ patients with d were making a truly maximum

lower extremi?}' functions. 7 effort. Volitional tests rely heavily on subject motivation and
/ 7 /
f— e -

The Cochrane review [25] suggests that doing progressive
resistance training two to three times a week can improve
physical function in older adults, including reducing physi-
cal disability, some lower extremity functional limitations (i.e.
balance, gait speed, timed walk, timed ‘up-and-go; sit-to-stand
ability, and climbing stairs) and muscle weakness in older
people. Therefore, it would appear to be an appropriate inter-
vention for many older people ta improve the performance of
some simple physical tas! De well-established ben-

efits of exercise training in maintaining functional capacity in
older people [26], comparativelf little researchhas focused
on patients with dementia. Evidence for the feasibility of re-

sistance training fof people with dementia is lacking as only

a few feasibility gludies have been performed. Thomas and

Hageman [27] eyaluated the potential of a brief resistance-ex-

ercise training liq'nervention (3 sessions per week over 6 weeks)

to improve n9(|romuscular strength and function in the lower
/

L
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Limitatiors

Muscle sgrength can be defined operationally as the ability of
a muscjé or muscle group to exert maximal force in a single
volun ry effort [36]. When the maximum voluntary con-
tractjon force was assessed, it was not possible to be certain
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Conclusions

In conclusion, the normalized knee extensor strength was
indicated to be a significant predictor of lower extremity func-
tions. Resistance training based on normalized knee extensor
strength is needed for people with normalized knee extensor
strength in tif# range 0.6 Nm/kg to 1.2 Nm/kg for preven-
tion and im;‘rovemem of strength and functional decline.
The ﬁndmgq‘ of this study will contribute to an increasingly
evidence-| based ipproach ,‘ i e ing for patients
with demeyiha However, cagition is needed when interpreting
the cut- oﬂ‘\alues of strengyﬁ measurement because the posi-
tive and hegat:ve predlcuye value for lower extremity func-
tions \\a's only about 709,6 to 80%. The problem of defining
the f\mltlonal decline of'people with dementia is complex as
a result of the multldlménsmnalny of the symptoms. Further
reseaq:h based on the usuhs of thi$study is needed to inves-
ngalq the relalmnshlp /between thé functional deterioration
and ﬂady life actmtlesand to constfucta precise intervention
for people with dem4nna These ﬁhdmgs, including normal-
strength assessdent may servk as a clinically meaningful
lex for rehablhlqhon and training of patients
wnth dementia, and'maybe-— peciaily rel to rapidly aging
AN
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