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Abstract

Background: Assistive devices for ambulation (ADA) are commonly provided to improve safety
and independence in older adults. Despite the common use of these devices, there is no standard
prescribing guidelines and non-healthcare providers, including caregivers and family members, make
decisions about the need for ADAs. Identifying factors or a single screening test associated with ADA
use would benefit clinicians and non-healthcare caregivers in making decisions to adopt ADAs for
patients, clients, and family members. Purpose/Objectives: The purpose of this cross-sectional
study was to identify the test that best predicts ADA and non-ADA use among community-dwelling
individuals and assistive-care beneficiaries. Methods: A total of 85 older adults (81.6+8.2 years old)
who underwent outpatient physical therapy participated in this study. They participated in a series of
tests, including the Timed and Up and Go, handgrip and quadriceps strength, the 30-second Chair Rise
Test, 5-meter fast gait speed, the functional independence measure, the Locomotive Syndrome Tests
(Stand up test, 2-step test (2ST), and the Locomo-5 questionnaire), and numeric pain scales. Mann-
Whitney U tests were used to differentiate between ADA users and non-users. A logistic regression
analysis was applied to examine which test best predicted ADA use for each clinical assessment.

Results: 80% of participants (n=68) used an ADA. There were significant differences in all test
variables between users and non-users (P = 0.033-P < 0.001), except for quadriceps strength, age, and
pain (all P > 0.05). A logistic regression analysis identified only the 2ST was associated with the
prediction equation (P = 0.048), with a cut-off value of 93% of body height (Sensitivity: 72%,
Specificity: 82%). Discussion: Simple functional measures differentiated between physical function,
balance, and ADL independence between those who did and did not use ADAs. However, of these
tests, only the 2ST predicted ADA status. This is a simple clinical test that evaluated the length a
patient can step without losing his or her balance. Individuals who are unable to step 93% of their
body height may benefit from an assistive device. Conclusions: If comprehensive clinical evaluations
are not available to make decisions about ADA use, the 2ST can be used to make clinical

recommendations for ADA.
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A. Purpose/Hypothesis

Physical disability is a global issue, affecting
approximately 15% of the world’s population.!
People with physical disabilities commonly use
assistive devices for ambulation (ADA), which
can improve basic mobility and improve quality
of life.>” Canada reported that nearly 80% of
people with disabilities use ADA, which has
doubled in the last decade.® Although the need
devices s

for medical increasing, non-

healthcare, such as caregivers or family
members, often make decisions about ADA use
based on patient preference and socioeconomic
factors.> This can have negative consequence;
those who use a device when it is not necessary
may impede other motor tasks, and those who do
not use one may be at a greater risk of falling or
functional impairments. >°

Physical therapists (PTs) often prescribe
ADAs for elderly patients as part of a plan of
care. The decision to use an ADA is made after
a comprehensive evaluation that often includes
an assessment of intrinsic factors (muscle
strength, balance ability, and cognitive levels),
extrinsic  factors

(home and community

environment) and psychological factors
(resistance to ADA wusage). This evaluation
requires clinical experience, training, and the
space and resources of a typical clinic
environments.® A simple test to determine who
would benefit from ADA would increase
appropriate ADA prescription and among non-
healthcare providers and potentially lead to
better outcomes.

These tests have been designed to be

performed by healthcare professionals as well as

those without significant medical training.
While there are many tests that can be used to
screen patient function and abilities, the
Locomotive Syndrome (LS) Tests have been
recently developed to detect subtle age-related
mobility decline in older patients. The LS tests
include two performance-outcome measures and
one self-report questionnaire to assess physical
function. Studies have shown that results from
the LS tests are significantly associated with
mobility decline, poor balance, muscle
weakness, and perceived physical functional
limitations, while also differentiating between
independent community-dwellers and assistant-
care beneficiaries. Therefore, it is possible that
the LS tests can also be used to screen patients
for the need for ADA.

The objective of this study was to determine
if physical examination tests can differentiate
and predict those who do and do not use an ADA
in elderly community-dwelling adults. We
hypothesized that performance-based LS tests
will be able to predict ADA use.?

B. METHODS

This cross-sectional study was conducted
among independent community dwellers who
participated in a structured rehabilitation
program at Kameda-Medical Center in Chiba
Prefecture, Japan. A total of 85 elderly patients
participated in this study (women: n=54, age:
81.6+8.2 years old). Inclusion criteria included
independent community dwellers 65-years-old
or older currently undergoing outpatient
geriatric-rehabilitation sessions supported by
governmental community-care benefits in Japan.

Exclusion criteria included people unable to
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ambulate independently at home or those with
cognitive impairments defined as a Mini-Mental
State Examination Score (MMSE) below 21.

After confirming understanding of the study’s
purpose and testing procedures, all participants
provided written informed consent approved by
the Institutional Review Board at Kameda-
Medical Center (#17-037-171129). Research
PTs collected data during the tri-monthly
physical therapy evaluations from November
2017 to February 2018. Research PTs performed
chart reviews to examine whether participants
used any ADA and blindly classified participants
into two groups (ie, non-ADA and ADA). They
gathered participant information, including age,
sex, anthropometric data (ie, body height and
weight), and beneficiary class. In addition to the
LS tests, we selected four primary determinants
for clinical decisions for ADA usage, including
pain, balance, muscle strength, and physical
function.

They participated in a series of tasks to assess
numeric pain scales, including Timed and Up
and Go, handgrip, quadriceps strength, the 30-
second Chair Rise Test, 5-meter fast gait speed,
functional independence measure, and the
Locomotive Syndrome Tests (Stand up test, 2-
(2ST), and the

questionnaire).

step  test Locomo-5

Due to heterogeneous data distribution,
Mann-Whitney U tests and Chi-square tests for
independence were used to describe clinical
differences between groups (those who do and
do not use ADA). A logistic regression analysis
with forced entry was applied to examine the

best prediction of ADA usage for each clinical

assessment. The significant predicting tests then
independently created the Receiver Operating
Characteristic Curve to examine clinical validity,
including clinical threshold, sensitivity, and
specificity. The alpha levels were set as 0.05. All
data analyses were processed using SPSS
statistical software (SPSS version 24, IBM. Inc.).
C. Results

Sixty-eight participants (80%) used an ADA .
Women were more likely than men to use ADA
(70.6%, P = 0.007). There was no significant
difference between non-ADA and ADA groups
in the frequency of disability levels, those
receiving governmental support care, or other
demographic characteristics, such as age and
anthropometry (P > 0.050; Table 1).

Table 2 indicates the clinical characteristics
of ADA users and non-ADA users. ADA users
demonstrated significantly slower TUG than
non-ADA users (/]: 4.0sec, P < 0.001). ADA
users showed significant muscle weakness in
handgrip (/1: 23%, P = 0.030) but not in
quadriceps (: 5%, P > 0.050). Both GS and
FIM were significantly different between groups
as ADA users showed slower gait (/: 0.39m/s,
P < 0.001) and severe disability in physical
function (/J: 3, P = 0.033). All LS tests showed
significant differences between ADA and non-
ADA users. The numeric score for the SUT was
significantly lower in ADA users (/J: 1, P <
0.001). The 2ST had a lower score in ADA users
(A: 037, P < 0.001). The Loco-5 had a
significantly higher ADA user score (/I: 5.0, P
<0.001).

As a result of the logistic regression analysis,

only 2ST was significant (OR: 0.004 [95%CI:
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0.00-0.96], P = 0.048). Since change in one unit
of body height is not physiologically likely for
this test, we also calculated the odds ratio based
on a change of one standard deviation (2.8% of
body height). For an increase in one standard
deviation there was a 14% reduction in risk [OR:
0.86 (95%CI: 0.73-0.99)] (Table 3). According
to predicted ADA use, when the ROC curve was

created for 2ST, the AUC was 0.86 (95%CI:
0.76-0.95) with a cut-off value of 0.93
(Sensitivity: 72%, Specificity: 82%, Figure 1).

Table1l Comparison Between Two Groups of the Basic Attribute
Sociodemographic All Participants+' No Assistive Aid < Assistive Aid+ P
Data (n=85) (n=17) (n = 68) values
Men. n (%) 31 (36.5) 11 (64.7)¢ 20 (29.4)
007>
Women, n (%o) 54 (63.5) 6 (35.3) 48 (70.6)
Age. median
[interquartile range]. | 84.0 [75.5-87.0] 78.0 [74.5-85.5 84.0 [77.0-87.0]¢ | 478b
¥
Height, median
[interquartile range], : 153.0 [146.0-161.5]< 157.0 [150.0-167 8] 152.0 [146.0-160.0]< 090
cms
Weight, median
[interquartile range], 52.8 [44.6-61.3] 58.1 [44.5-65 4] 51.4 [44.7-60.5]¢ 325M
kg
Disability level
28 (32.9) 7 (41.2)¢ 21 (30.9)
Support Level, n (%)
4192
Disability level«
57 (67.1) 10 (58.8) 47 (69.1)

Care Level, n (%)

22 test!

b Mann-Whitney U Test:
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Table2  Comparison between two groups of the physical functions

o+
All Participants No Assistive Aid+ Assistive Aid+/ e
physical functions«
(n=83)~ (m=17)" (n=68)< values+
Pain during
2 [0-4]¢ 0 [0-5]¢ 2 [0-4]¢ 458
movement *
TUG, s 12.8[10.1-16.7]¢ 9.5 [8.2-10.6] 13.5[11.2-18.9]¢ <001+
HGS. kg 17.5 [14.3-22.1]¢ 21.0 [18.6-26.2]¢ 16.3 [13.6-21.9]¢ 030
WBL kg/kg 0.37 [0.27-0.43]¢ 0.42 [0.31-0.50]¢ 0.37[0.25-0.43]¢ 083
30sCRT, times¢ 10.0 [8.5-12.0]¢ 12.0 [5.5-13.0] 10.0 [8.0-12.0]¢ 0464
Gait speed, m/s 0.96 [0.80-1.25]¢ 1.26 [1.07-1.66]¢ 0.87 [0.77-1.14]¢ <001+
FIM total score 118 [112-122]¢ 119 [117-123] 116 [110.0-121]¢ 033«
SUT: 2 [1-3]¢ 3 [34) 2[1-2] <.001¢
28T« 0.85 [0.60-1.02]¢ 1.16 [0.94-1.24]¢ 0.79 [0.51-0.96] <.001¢
Loco-5¢ 9 [6-12.5] 6 [2-8]¢ 11 [7-13]¢ =001+
All results are presented as median [interquartile range]«'
a Self-reported pain in the lower extremities during movement anchored with 0 (no pain at all) and 10
(unbearable pain)-
Abbreviations: TUG, Timed Up &Go; HGS, Handgrip strength; WBL Quadriceps Femoris
(nomalized by body weight); 30sCRT, 30s Chair Rise Test; FIM, Functional Independence Measure;
SUT, Stand up Test; 2ST, Two-step Test; Loco-5. Locomo-5 checklist <

Table 3. As a result of logistic-regression analysis that assumed walk aid use or nonuse a

dependent variable
Factor+ Odds ratio 95%6CIL P values~
Sex 4.88: 0.46-31.76¢ 189 :
TUG: 1.16¢ 0.74-1.80¢ 521 :
HGS: 0.99¢ 0.85-1.16¢ 888 .
30sCRT- 1.47¢ 0.85-2.55¢ 173 .
Gait speed: 0.41¢ 0.02-9 42 408 -
FIM: 0.97¢ 0.84-1.13¢ 134 "
SUT:- 0.40¢ 0.15-1.09¢ 072 -
28T+ 0.86¢ 0.73-0.99¢ 048 -
Loko-5¢ 1.18¢ 0.95-1.47 128 :
Abbreviations: CI, Confidence interval: TUG, Timed Up & Go: HGS. Handgrip strength; .
30sCRT. 30s Chair Rise Test: FIM. Functional Independence Measure; SUT, Stand up Test;
28T, Two-step Test; Loco-5, Locomo-5 checklist.«
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Figure 1 ROC curve of the 2ST about the use presence or absence of ADA.

D. Discussion

Most all of the measures in this study were
different between those who do and do not use
an ADA. Interestingly, age and pain levels were
not found to be different among ADA and non-
ADA users, although these factors are
commonly considered determining factors in
prescribing ADA for older adults. Among the
tests evaluated in this study, only the 2ST
predicted ADA status. Using the ROC analysis,
a score of 0.93 (equal to 93% of the subject’s
body height) was found to be the best predictor
of ADA use. (72% of sensitivity and 82%
specificity). This value is clinically meaningful
and is similar to other cut-off values for the 2ST.
For example, 96% of body height in 2ST was
predictive of individuals who met the Japanese
definition of frailty (ambulation less than
1.0m/s). A 2ST score below 100% of body
height was also associated with falling and

falling anxiety, which may also support why the
2ST was predictive of ADA use. Furthermore,

the mean value of 2ST for the participants was
0.81+0.28 and the OR of 2ST predicting the use
of ADA was 0.86, when based on change in one
standard deviation of 2.8% of body height.
Therefore, if we assume the average height in an
elderly population is 170 cm, one standard
deviation in the 2ST equates to 4.76 cm. For
every 4.76 increase in 2ST distance, there is a
14% reduction in the need for an assistive device
for this population.

The 2ST is often used to assess overall
ambulatory ability, as it is significantly
correlated with self-selected and maximal
walking speed, as well as six-minute walking
distance. However, walking speed and the Six-
Minute Walk test require substantial space to
perform. The 2ST can be performed in a small
space, such as a clinical examination room,
which may favor the feasibility of this test in
ADA screening and prescription. The 2ST can
also be normalized by body height, which

reduces the ceiling and floor effects of this test
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and may account for biological differences in
sex and age.'!

There are a few limitations in this study. First,
the regional sampling might limit generalization
to other locations and countries because of
different care systems for assistive beneficiaries.
Secondly, our were

patients independent

community dwellers, but were currently
participating in physical therapy for various
pathologies. This may have provided a sample
with lower physical function than independent
community dwellers in general. However, the
functional disabilities in this group were mild to
moderate among the general age group as
individuals in assistant living facilities or those
who required assistive-care were excluded from
the study. A study with a larger sample to
examine deterioration of physical function and
ADA use in an age-stratified sample is needed.
Finally, there is a slight limitation for the
generalization of our results into US practice.
Due to the Japanese comprehensive community
rehabilitation care systems, older people are
more likely to obtain ADA through non-
healthcare individuals. However, administration
of ADAs should be a significant concern for
family-caregivers for older adults in the global
population.

Despite the limitations, the outcomes of this
study are clinically important. The 2ST is a
simple and easy screening that can be performed
by non-clinician caregivers and clinicians
working in a limited space. The clinical
thresholds, below 93% of the body height, can
guide these testers to consider or refer to PTs for

further comprehensive assessments for proper

ADA prescription. PTs can also use the results of
the 2ST as part of their clinical decision making
for determining ADA needs and reducing fall-
risk among community-dwellers. Validating the
clinical implementation of this 2ST threshold
(93%BH) is needed in future studies. Future
work should examine the clinical effectiveness
of using this threshold for providing ADA in
terms of reducing risk of fall or improving

physical function.

E. Conclusions:

ADAs are commonly administrated medical
devices that improve balance and ability and
reduce pain during physical performance. This
study examines whether functional tests can
differentiate ADA users’ and ADA non-users’
status to identify the most predictable screening
test. Only 2ST could significantly predict the
ADA status, with the clinical cut-off as 93% of
the body height. This simple screening should be
implemented in community and wellness

programs to guide physical therapists’

comprehensive evaluations.
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JEAT BRI E AR B (TEERAR R R « BEPRIR ST B R R S I Je e 38)
ELU ISR (4?$n35Ef“)

TEF R %owtmﬂ%747//Pm—A®ﬁ%K£H6
72l « DA IEDORESL & RS ARHI OB ICET 5098 (19 FA1017)

FeotE ot R EREAHEAKS PRk

=1 ShE0EE (£24Q)
EOSMAE (8/1) 136 A (33A./103A)
Fiim 74.8+5.4 F
BMI 23.4+3.0 kg/m?2
BASITEE 1.74+0.36 =
Frii#2 sz o5Rs 51.0+45.1
O0J%E25 10.8+9.9 =
BIC4EI E 36.A(26.5%)
EEBE EIC2-3H 29.A(21.3%)
(VA—F>9 DENE) #A18 12A( 8.8%)
X33ANEEE B1-3E 11A( 8.1%)
LTLWRL 48A(35.3%)
4B E 254 (19.0%)
EEBE JEIC2-38 15A(11.4%)
(DA=F>IBUHDEE)) H1H 19A(14.4%)
X33ANERE B1-3E 8A( 6.1%)
LTWRL 65A(49.2%)

-50 -




xR2

EE0EN (£#42)

2E0SMAE (8./%) 136 A (33A/103A)
BHEREOHEK
(136 ADFRE) B 48/ # 88 A (35.3%)
IS EHHEIREEDOR R
(135 ADHRE) 32N/ #® 103 A (23.7%)
Z RIS RREIERRE DB K
(134 ANDFRE) 32N/ #& 102 A (23.9%)
BEDOBITOEE
(136 ADFRE) 829N/ #& 107 A (21.3%)
1B 1 R DIREIE
(134 ADFRE) B 28/ | 106 A (20.8%)
JEOJE 19A (13.5%)
OJEE O3J€1 76 A (53.9%)
(136 ADHEE) O0J€2 26 A (18.4%)
O0J€3 15A (10.6%)
OJFEDRME - \“Eal,\r.::tb_\“m,\ 13A( 9.62/0)
(DJEDTERFOTVED ?) | mitaniocosar, ML LAY oA 44.1%)
X136 ADVFRE MERELTWS 37A(27.2%)
&3 .
iEEh D RHHHE
ShieEN:1364 2EIBSNE#:108%4 EsEiiRIEH: 1014
Rz 5 ATy h iEE IA—=F2
1BHENO#SE | EH1E 6% 20E1% 2053H'5
[E12% 9D%30 3tybk 3tyh 409
R 7 86 A 88 A 89 A 82 A
2B FURE 85.1% 87.1% 88.1% 81.2%
HEED 7 79N 81A 84 A 74 AN
BE3E FUEE 78.2% 80.2% 83.2% 73.3%
O KL 3%&E% 82 A
E2EIU EUEE 81.2%
ATEFEDIES) 7 69 A
BB FUREE 68.3%
O3 KL 3%&E% 75X
BE3EB FURE 74.3%
ATEFADIES) 7 61N
E3E EUEE 60.4% -51-




e

(intention-to-treat fi#thr)

4 OEEEESSME108ZOOINNTAEDEED

A FE B HE el 3 A% RE
BMI 23.243.1 23.1+3.3 p=0.560
BXiEH (kg) 25.4+6.0 25.4+6.2 p=0.834
BAIRA BIEESTBSR (72) 49.7+44.2 67.7+47.4 P<0.001
5E325 EhDESRE (72) 7.1+2.2 6.6+2.3 p=0.009
BEHITIEE(M/) 1.38+0.29 1.45+0.27 p=0.007
BRAHITEE(M/) 1.75+0.38 1.92+0.35 P<0.001
2 A7yl 1.35+0.18 1.41+0.18 P<0.001
O0JE2 5(H) 10.5+8.9 9.1+8.9 p=0.005
K #40cmgE 39.A(36.4%) 41\ (38.0%)
OJF1v9:%24%E (%) 76 A(70.4%) 64.A(59.3%)
OJEE(JE/1/2/3) [13A/51A/24A/10A|26A/56A/19A/7 A

R5

2E BB BESSME107200I M NAZIROFTLYD

175 EHNDFAMDFER (intention-to—treat fi#th)

A TEBHA el 3hA% RE
AaJge 1A ( 4.0%) OA ( 0.0%) |p=0.493
m40cm| 2A ( 4.0%) | 1A ( 0.0%)
m30cm| 8A (16.0%) | 8A (24.0%)
HiI20cm|  24A (12.0%) | 24A (12.0%)
U5 ENDTAM mil10cm| 33A (40.0%) | 33A (36.0%)
Kil40cm|  35A (20.0%) | 39A (28.0%)
B#I30cm|  3A ( 4.0%) | 2A ( 0.0%)
HKB#I20cm| 1A ( 0.0%) | OA ( 0.0%)
KB#l10cm|  OA ( 0.0%) | OA ( 0.0%)

XARTE(IWilcoxonDF St EIELIARTE
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R6

i 2 B O M 2#ERE EDElEZLE77420

OJMNTAZIRDE LS (per-protocol £#4f)

ST B A e 3h A% RE
BMI 23.412.9 23.1%3.3 p=0.166
EXEH (kq) 25.8+6.2 25.6+6.4 p=0.586
FHIR A B ZBsRE (F2) 48.01+43.3 68.71+48.1 p<0.001
S5EI3Z5 ENDERT (F2) 7.212.0 6.61+1.9 p=0.003
RIBHITERE(m /) 1.361+0.23 1.471+0.28 p<0.001
BRAFITERE(M /) 1.751+0.29 1.921+0.33 p<0.001
2ATYIIE 1.36+0.16 1.40+0.16 p=0.003
O0J€25 10.1+8.1 8.81+8.1 p=0.017
R i40cmu] g 26 A(34.7%) 24A(32.0%)
OJFIvI%SE 54A(70.1%) 47 A (61.0%)
OJ€EGE/1/2/3) OAN/44N/17N/7 N [18A/39A/14AN/6 A
7 @2E EOD N EREN EOESELET 70
OJMLIT AZIER
5 ENDFAMDEER (per-protocol f##7)
SAITE B HA el 3hA%E RE
b N 1A ( 1.3%) OA ( 0.0%) | P=0.527
mH#I40cm | 2A ( 2.7%) | 1A ( 1.3%)
MII30cm | g A ( 8.0%) 6A ( 8.0%)
mi20cm | 18A (24.0%) | 19A (25.3%)
U5 ERDTAN | @l10cm | 22 (29.3%) | 23A (30.7%)
KH40cm | 23A (30.7%) | 25A (33.3%)
K#30cm | 3A ( 4.0%) | 1A ( 1.3%)
FH#20cm | OA ( 0.0%) | OA ( 0.0%)
FH10cm | OA ( 0.0%) | OA ( 0.0%)

XIRTE (FWilcoxonDFF=

FENRIARTE
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AElé35REDESHIEDOE(L

e 3hA%
(108A) (108A)
Alc4amEBl E 29.A(26.9%) 49\ (45.4%)
@ (- 0
R ,af._z-3|§| 23 A(21.3%) 35A(32.4%)
(108 AHVHEE) 31 5] 10A( 9.3%) 8A( 7.4%)
Alc1-3[b S8A( 7.4%) 6 A( 5.6%)
LTngn 38A(35.2%) 10A( 9.3%)
B(cam E 19.A(18.3%) 32A(30.8%)
SE - (o) 0,
oyt s | B3 11.A(10.6%) 30.A(28.8%)
(L04AADFRZ) i1 (0] 17 A(16.3%) 9A( 8.7%)
Alc1-3[E 8A( 7.7%) 9A( 8.7%)
LTLREW 49N (47.1%) 24N (23.1%)
BlcaEE — 84 A(77.1%)
O3 RL O#E Blc2-3E - 17X (15.6%)
(109 AD'R#E) 31 [E — AA( 3.7%)
Alc1-3[E = 2A( 1.8%)
LT - 2A( 1.8%)
&9 4% T; <
Aolé35REDREADEL
#E 3hA%E
(106A) (106 A)
<R 52A(49.1%) 61A(57.5%)
R e PLEL 37A(34.9%) 36.A(34.0%)
(106 ADRE) PREERV 10A( 9.4%) 6 A( 5.7%)
hEhfEL 7A( 6.6%) 3A( 2.8%)
VESGTRL OA( 0.0%) OA( 0.0%)
< n 48.A(45.3%) 45\ (42.5%)
. BUEW 39A(36.8%) 48 A (45.3%)
(L06 ADFEZ) REEREL 13A(12.3%) 9A( 8.5%)
hEDfEW 6A( 5.7%) 4N ( 3.8%)
OETEL OA( 0.0%) OA( 0.0%)
BB 42 A (39.6%) 47 A\ (44.3%)
e UL 39.A(36.8%) 39.A(36.8%)
(L06 AN FRZ) R 16A(15.1%) 16A(15.1%)
hEDiEw 9A( 8.5%) 4A( 3.8%)
(1<¢] 18] OA( 0.0%) OA( 0.0%)
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