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ABSTRACT

Background: Balance disorders in older people cause falls, which can have serious functional and economic
consequences. No existing scale relates fall risk to daily life situations. This study describes the development,
psychometric properties and construct validity of the Balance in Daily Life (BDL) scale, comprising seven routine
tasks including answering a phone, carrying a heavy bag, and sitting down and getting up from a chair.
Methods: Frail patients aged 65 years or more were prospectively recruited from the geriatric rehabilitation
department of a French university hospital. Inclusion criteria included autonomous walking over 20 m and
modified Short Emergency Geriatric Assessment score 8-11. Patients with motor skills disorders and compre-
hension or major memory difficulties were excluded. Patients were assessed on Day 3 and Day 30 with the
Balance in Daily Life scale, Timed Up and Go, one-leg stance time, sternal nudge and walking-while-talking tests.
The scale was assessed for acceptability, quality, unidimensionality, internal consistency, reliability, temporal
stability, responsiveness and construct validity.

Results: 140 patients (83 + 6 years) were recruited, of whom 139 were assessed at Day 0 and 133 at Day 30.
Acceptability was satisfactory (134/139 patients completed the test), quality assessment showed a slight floor
effect (6 % of patients with minimal score) and evaluation of item redundancy found no strong correlation
(Spearman <0.7). Unidimensionality was verified (Loevinger H coefficient > 0.5 for all items except item 6 =
0.4728). Internal consistency was good (Cronbach alpha = 0.86). Reliability and temporal stability were
excellent (ICC = 0.97 and ICC = 0.92). Responsiveness was verified by significant score change p < 0.0001
between Day 0 and Day 30 (decreased by 1 [0; 2] point), in line with other score changes. Construct validity
revealed that the Balance in Daily Life scale was convergent with results of the timed up-and-go and one-leg
stance time (p < 0.0001 for both) and tended to be higher for participants who had not fallen in the previous
6 months (p = 0.0528). The new questionnaire was divergent to sternal nudge tests (p = 0.0002) and not related
to the walking-while-talking test (p = 0.5969).

Conclusion: The Balance in Daily Life scale has good psychometric properties for this population. Its simplicity
and innovative nature mean that it can be applied in institutions while being easily modifiable to domestic
settings.

Study registration on clinicaltrials.gov: NCT0334382.
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1. Introduction

Approximately one-third of people over the age of 65 fall at least
once a year [1] and half fall repeatedly [2]. The short- and long-term
consequences include fractures, chronic pain, functional deficit,
disability, loss of autonomy, loss of confidence with fear of recurrence,
depression, social withdrawal, institutionalisation and death [3-5]. Falls
cost around $64.4 billion annually in the USA [6]. The number of falls
and their repercussions tend to increase with advancing age and thus
with the aging world population [7]. Risk factors include acute or
chronic pathology, frailty, history of falls, use of sedative drugs, muscle
weakness, balance deficit, walking disorders, visual deficit and cognitive
disorders [2,8-12]. However, preventing falls and their consequences is
complex because they are multifactorial events involving multiple
intrinsic risk factors plus environmental or contextual factors [13].

One of the first steps in assessing the risk of falling is to evaluate gait
and balance [14], but routinely used balance assessment tests have
limited ability to predict falls [15-18]. Current physical performance-
based tools such as alternate step test, adjusted maximum step length,
Berg Balance Scale (BBS), Dynamic Gait Index, Functional Gait Assess-
ment, five-times sit-to-stand test, Zur balance scale, getting up from
lying on the floor, one-leg stance-time (OLST), Tinetti Performance-
Oriented Mobility Assessment (POMA), risk assessment, stair ascent,
test battery, timed gait, Timed Up and Go (TUG) test, and walking while
talking (WWT) test underestimate the impact of the environment and
attentional load in daily life situations where dual-task solicitations are
common and unpredictable [19]. Motor capacities are altered during
other tasks (cognitive, motor or visuo-spatial) [20,21] and the charac-
teristics of walking in real-life situations are mimicked by dual-tasks in
the laboratory [22]. The value of dual-task assessments as a predictor of
falls is debated [23,24], but many authors consider them useful [25-30].
To our knowledge, there are no scales for evaluating balance in real-life
situations. We believe that the current lack of a scale for assessing bal-
ance in real-life may explain the difficulty of current tests in predicting
the risk of falling.

The French EVQ (Equilibre dans la Vie Quotidienne, in English: the
Balance and Daily Life = BDL) scale was developed to reflect real life.
The BDL is scored by observing and rating patients' compensation stra-
tegies to maintain balance in seven situations of daily life. It is used as a
screening tool for falls, but also helps to orient rehabilitation to prevent
fall recurrence. We have used the BDL in our centre for many years. The
activities assessed involve voluntary gestures that monopolise the
attention (bi-manual praxis, memory, auditory and visual attention,
gnosis) and more automatic tasks (postural adaptation, motor patterns,
walking, turning round, sitting down). These activities also demonstrate
how the patient manages a walking aid.

Such tools need stringent validation before application in clinical
practice. Psychometric validation of assessment tools consists of suc-
cessively evaluating: acceptability, quality, saturation phenomena (floor
or ceiling effect) and item redundancy (correlation between items),
unidimensionality, internal consistency, reliability, temporal stability,
responsiveness, and construct validity (convergence and/or divergence
with other validated tools) [31,32]. The aim of this study was to describe
development and psychometric properties of the BDL scale in frail older
patients.

2. Methods
2.1. Scale development

The scale was developed in two steps: 1. item generation; and 2.
theoretical analysis [33]. Items were generated by the geriatric reha-
bilitation service of the University Hospital Center of Nimes. The first
version was gradually refined from 2005 to 2007, with several pro-
fessionals, mainly occupational therapists and doctors in physical
rehabilitation medicine, providing feedback to establish the items and
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scoring system. The scale was disseminated during presentations to
geriatric professionals at conferences and published in the journal of the
French Association of Occupational Therapists in Geriatrics [34]. The
content of the items and their scoring further evolved with informal
feedback from professionals using the scale in their current practice (in
France, Quebec, Switzerland, Belgium), feedback from patients who had
taken the scale, and professionals in the sector. Items such as making the
bed were removed (difficult to put in place, not necessarily done by the
target population), the item carrying a light load (a pillow) was replaced
with a heavier load to be more relevant (requiring greater postural ad-
aptations and object masking vision of the floor) and because patients
described fatigue when carrying out tasks. Feedback from professionals
led to the production of a test booklet to standardise the test conditions.
This first stage was not standardised, but refinement was continued until
feedback was consistently positive.

In 2007, we used a standardised questionnaire to evaluate content
validity: relevance and usefulness, methodology, opinion of the test
booklet and general opinion of the scale. This questionnaire was sent to
professionals in the geriatric sector (occupational therapists, physio-
therapists, physical rehabilitation and geriatric doctors). We analysed
the answers for a final revision, in particular with regard to the scoring
and verbatim used in the questions. The assessment has not changed
since 2007 and we use it daily in the hospital. In this study, we evaluated
the scale psychometric properties in order to disseminate it more widely.

2.2. Trial design

This study was designed to describe psychometric properties of the
BDL scale in frail older patients, following the COSMIN checklist [31].
The study was approved by the local ethical committee (CPP Sud
Méditerranée III, #2021.06.05) and registered on clinicaltrials.gov
(#NCT03343821).

An occupational therapist (OT1) performed the initial evaluation on
Day 0, including a standard balance assessment: Timed Up and Go
(TUG) test, one-leg stance time (OLST), sternal nudge test, walking-
while-talking test (WWT), and the BDL assessment. A 5-minute resting
period was observed between the balance tests and the BDL. A second
occupational therapist (OT2) independently and simultaneously scored
the BDL to test inter-rater reliability. OT1 and OT2 were blinded to each
other's ratings. Intra-rater reliability was assessed through a second
evaluation on Day 3 (+2 days) by OT1 alone (test-retest method). Upon
discharge on Day 30 (+7 days), OT1 repeated the assessments from
inclusion, including the third BDL assessment.

2.3. Participants

Patients were consecutively included upon arrival at Nimes Univer-
sity Hospital's department of Physical Medicine and Geriatric Functional
Rehabilitation. Inclusion criteria were age > 65 years and frailty (Short
Emergency Geriatric Assessment (SEGA)) score 8-11 [35]. Patients had
to be able to walk 20 m independently (with or without a walking aid)
with full weight on both feet. Exclusion criteria were: major praxis
disorders preventing task completion, failure to understand simple
commands and major memory disorders. All patients provided written
consent prior to inclusion. During hospitalisation, patients received
standard physiotherapy to restore their independence and mobility to
enable return home and limit fall risk.

2.4. BDL assessment (Appendix 1)

Participants performed seven routine domestic tasks such as
answering a ringing phone, carrying a 2 kg shopping bag for 10 m,
opening and closing a door to enter and exit a room, setting the table for
four people, moving a chair 2 m to the table, sitting down and getting up
from a chair without armrest and carrying a small pan of water to the
table. These tests require postural adaptations and multiple task
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management (praxis, memory, attention), thus highlighting the strate-
gies used. Each task is scored as 1 = Normal (no instability), 2 =
Appropriate (the patient uses safety strategies to perform the task,
adaptation by anticipation, no instability), 3 = Abnormal (the patient
uses reflex adaptation strategies, adaptation by correction, fall-
avoidance strategies, minor instability) and 4 = Very abnormal (inef-
fective postural adaptation reflex, major instability). In case of inability
to perform the task for a reason other than balance disorders, no score
was assigned to the task.

2.5. Scoring system of BDL

The calculation is made if at least half of the BDL items have been
completed according to the formula: score = sum of test responses x [7
/ (number of tests completed and scored)]. Because of the frequent
health problems (hearing impairment, osteoarthritis, etc.) among frail
older people, the proposed scoring system allows for the calculation of
an overall score if at least four of the seven proposed tests have been
performed.

2.6. Other test assessments

ADL (activities in Daily Life) and IADL (Instrumental Activities In
Daily Life) questionnaires were administered to assess patients' func-
tional abilities [36]. For construct validity assessment, we used tests
recommended by French health authority to evaluate balance and fall
risk in autonomous older people: Timed Up and Go test (TUG)
(considered normal if <20 s), One Leg Stance Time (OLST), Sternal
nudge test and Walking While Talking test (WWT) [37]. In the TUG test,
participants performed three successive tests preceded by a non-scored
learning test. Tasks were: getting up from an ordinary chair, walking
about 3 m, turning around and coming back to sit down without the help
of another person (with or without a mobility device). This test is reli-
able (ICC = 0.99) [38]. A mobility deficit is considered to exist from 20 s
upwards, with a significant deficit above 29 s [38]. In OLST, patients
balanced on one leg. The test was considered abnormal when the
participant held the position for <5 s. This test is reliable and has been
described as a predictor of injurious falls [39,40]. The threshold of 5 s
was chosen in accordance with the Tinetti Balance Subscale [41]. The
sternal nudge test assesses the response of the participant in a bipodal
standing position to a sternal nudge. A normal response to this test
consists of a slight sway of the body only; an abnormal response included
stepping back, staggering, falling, or a ‘startle’ response of the upper
limbs [42]. The WWT consisted of asking a question “what do you think
of...” while the patient was walking. The test is impaired when patients
stop walking to answer a question. This test is associated with the risk of
falling within 6 months (specificity = 95 %, sensitivity = 48 %, positive
predictive value = 83 % and negative predictive value = 76 %) [20].

2.7. BDL validation process

The validation process consisted of the assessment of: (1) global and
individual acceptability of tests; (2) global and individual quality
(absence of saturation, ceiling or floor effects and redundancy) of tests;
(3) unidimensionality; (4) internal consistency; (5) reproducibility of
scoring and temporal stability (repeatability); (6) responsiveness; (7)
construct validity to assess convergence and divergence [31,32].

2.8. Statistical analysis

A sample size of 140 participants was calculated with a priori
participant-to-item ratio method [43]. According to the 28 rating pos-
sibilities (four possible answers for seven items) using a ratio of five
participants for each variable.

Psychometric properties were assessed following current recom-
mendations [31,32]. Acceptability was assessed by number and
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proportion of completed tests. Acceptable tests must have a non-
completion rate < 5 %; a rate > 10 % means the test is disputable
[44]. Test quality was assessed by the absence of saturation, ceiling or
floor effects and redundancy between items using the non-parametric
Spearman rank correlation coefficient (negligible: < 0.3, poor:
0.3-0.49, moderate: 0.5-0.69, good: 0.7-0.89, excellent: >0.9) [45].
Scale unidimensionality was assessed using factor analysis and the
Mokken scale procedure (MSP) [46]. This procedure automatically
partitions the tests into one or more sets by defining the dimensions and
possibly a set of un-scalable tests using Loevinger's H coefficients. The
properties were considered strong when H > 0.5, medium when H > 0.4
and weak otherwise. Internal consistency was estimated using Cron-
bach's a coefficient 95 % CI) [47]. A score > 0.7 was considered reliable
[48].

Reproducibility of measurements made by two observers at Day
0 and temporal stability or reliability between Day 0 and Day 3 were
assessed using the intraclass correlation coefficient [49] (ICC; 95 % CI)
for global score (poor: <0.5, moderate: 0.5-0.75, good: 0.75-0.9,
excellent: > 0.9) [49] and weighted kappa coefficient (poor: <0, slight:
0-0.2, fair: 0.21-0,4, moderate: 0.41-0.6, substantial: 0.61-0.8, almost
perfect: 0.81-1) [50] (K; 95 % CI) for each test. The Bland-Altman graph
method [51] was used to evaluate the existence of bias. The symmetry
McNemar test was used to assess discordance between two tests.

Responsiveness was assessed between Day 0 and 30 using the Wil-
coxon signed rank test, McNemar test and non-parametric Spearman
rank correlation. Finally, we assessed convergence and divergence
compared to other tools using the non-parametric Spearman rank cor-
relation coefficient and Wilcoxon test as a measure of construct validity.
All analyses were performed using SAS software, version 9.4 (SAS
Institute Inc., Cary, NC).

3. Results

140 patients (83 + 6 years old, BMI: 25 + 5 kg/m?%, women = 94 (67
%)) were recruited from 26,/01/2018 to 18/06/2019 (Table 1). At “Day
37, 138 patients were evaluated within 3 [2; 4] days post-inclusion and
at “Day 307, 133 patients were evaluated within 20 [14; 28] days. The
Day 30 test was carried out earlier in all cases because the patients were
discharged prior to day 30, and it would have been onerous to bring
them back. The flow chart is presented in Fig. 1.

3.1. Acceptability

All patients completed all items of the BDL except for four patients
who did not react to the phone ringing (due to hearing and/or atten-
tional problems) and one individual who had difficulty carrying the
shopping bag due to pain from thumb basal joint arthritis.

3.2. Quality

The distribution of responses to each item is presented in Table 2. A
slight floor effect was observed in the global score with 6 % of in-
dividuals having a minimum score, although this did not correspond to
instability of any single item. Individual items demonstrated variable
floor effects ranging from 10 % for Q6 (sitting down and getting up from
a chair) to 21 % for Q1 (answering a ringing phone). All items showed
moderate redundancy except for Q6 (sitting down and getting up from a
chair) which was weakly or not correlated to the other items. No cor-
relations were strong or very strong.

3.3. Unidimensionality

One unique dimension was defined by factor analysis and confirmed
by the MSP. The Loevinger's H coefficient was good (0.55). All tests
showed good properties except Q6 (sitting and standing), which was of
average quality (H = 0.47). Q6 had the lowest floor and highest ceiling
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Table 1

Characteristics of the study population at inclusion (Day 0). Data shown as
number (%) or median [IQR] and mean (SD). * missing data for 35 patients, ¥
missing data for 73 patients.

n (%)
SEGA score
9 42 (40 %)
10 26 (25 %)
11 37 (35 %)
ADL score 4.5 (4; 5)
45@1)
IADL score* 3(2;4)
3()
Technical assistance with walking
None 22 (16 %)
Walking stick 28 (20 %)
Rollator 84 (60 %)
Walking stick and rollator 6 (4 %)
Fall within the previous 6 months 85 (61 %)
Number of falls in the previous 6 months 1(0;2)
1(2)
Living place
Home without caregivers 48 (34 %)
Home with caregivers 90 (64 %)
Institution 2(2%)
BDL score 14 (14; 15)
14 (3)
Timed Up and Go time (seconds) 28 (17,5; 42,5
34 (25)
Normal (<20 s) 44 (31 %)
Significantly impaired (>29 s) 63 (45 %)
One-leg stance time (seconds) 1(0;3)
2(3)
Impaired (<5 s) 121 (86 %)
Walking-while-talking test: impaired 26 (19 %)
Sternal nudge test: impaired 60 (43 %)

SEGA: Short Emergency Geriatric Assessment, ADL: Activities of Daily Living:
IADL: Instrumental Activities of Daily Living, BDL: Balance in Daily Life.

Day 0 (n = 140)

Not evaluated = 1

(visual impairment)

Day 3 (n =139)

- Refusal to pursue (n=3)
- Lost to follow up
(medical condition, n= 3)

Day 30 (n =133)

Fig. 1. Flowchart.
effect.
3.4. Internal consistency

The BDL seemed reliable with a Cronbach's alpha coefficient esti-
mated at 0.86 [0.81; 0.89]. The step-by-step Cronbach a backward
procedure confirmed the general agreement between tests measuring
the same concept (latent trait) with a stable Cronbach's alpha coefficient
estimate always exceeding the 0.7 threshold (from 0.83 to 0.86). The
monotone increasing variation of Cronbach o when tests were succes-
sively removed confirmed the unidimensionality of BDL.
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3.5. Reproducibility and temporal stability

Inter-rater reproducibility score on Day 0 was excellent (ICC = 0.97
[0.96; 0.98]) with a bias of 0.04 (0.68). The Bland and Altman graph did
not show any systematic bias (Appendix 2). Individual item inter-rater
reproducibility was good for items 1, 3, 4, 5, 6 and 7 and excellent for
items 2. The McNemar symmetry test was not significant for any item.

Temporal stability, assessed 3 days [2; 4] apart, was good (ICC =
0.92 [0.89; 0.94]) with a bias of 0.28 (1.14). The Bland and Altman
graph did not show systematic bias (Appendix 3). The item-by-item
assessment was moderate for all items. McNemar's symmetry test was
not significant for any item.

3.6. Responsiveness

Sensitivity to change (responsiveness) showed a statistically signifi-
cant change in BDL score between Day 0 and Day 30 (p < 0.0001). The
BDL score decreased by 1 [0; 2] point between the two assessments,
whereas the TUG test decreased by 6 [2; 12] seconds, and the OLST
increased by 1 [0; 4] second (p < 0.0001 for all tests). The sternal nudge
and walking-while-talking tests did not change significantly over time
(respectively p = 0.0679 and p = 0.5485).

No correlation between the change of the BDL score, the TUG and the
OLST test was observed. As we found no correlation, we conducted a
complementary analysis whereby the change of the different scores was
classed as improvement, stability or worsening according to the
threshold values in the literature (e.g. TUG: normal <20s and significant
deficit >29 s or OLST: deficit if <5 s) (Table 3). The McNemar tests
showed a dissymmetry in the allocation of patients to the different levels
of change between the BDL and all other tests (p < 0.0001). The BDL test
more frequently led to a more favourable outcome than the other tests.

3.7. Construct validity

The construct validity was estimated at Day 0. Spearman correlation
coefficients were weak or non-existent between the BDL score and the
number of falls in the previous 6 months (0.2072), TUG (0.3774) and
OLST (—0.3754). BDL scores of patients who had fallen in the previous 6
months (14 [14; 16]) tended to be higher than for non-fallers (14 [13;
15]), although without reaching significance (p = 0.0528).

There was a difference in BDL score according to the deficit in the
TUG test with median BDL scores estimated at 12.5 [9; 14] for in-
dividuals with a normal test (<20 s); 14 [14; 16] for those with a deficit
(20-29 s); and 15 [14; 16] for those with a significant deficit (>29s) (p
< 0.0001). There was a difference in the BDL score according to the
deficit detected by the OLST with median BDL scores estimated at 14
[14; 16] for individuals with a deficit (<5 s) and 10 [8; 14] for the others
(p < 0.0001). For the sternal nudge test, there was a difference in score
with a median estimated BDL score of 14.5 [14; 16] for individuals
without imbalance and 14 [10; 15] for the others. There was no statis-
tically significant difference between the BDL score and the results of the
WWT test (p = 0.5969).

4. Discussion

This validation study demonstrated that the BDL scale is reliable with
good psychometric properties in an older population at risk of falls. It is
innovative, complements the existing assessments and is easily per-
formed. Risk factors for falls are split into three domains: sensory-motor,
cognitive and environmental. The sensory-motor domain is evaluated by
motor strength tests such as the sit-to-stand test [52], tests evaluating
balance such as strength platform measurement, or more functional tests
such as the TUG test and the OLST. The cognitive domain is influenced
by cognitive and behavioral disorders such as fear of falling, taking risks
or drug interactions. This component is assessed by dual-task tests like
the WWT test [25,28,53]. Finally, the environmental domain is difficult



C. De Labachelerie et al.

Table 2
Results of the Balance in Daily Life (BDL) score on Day 0.
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Item N (/140) Mean =+ standard deviation Distribution of responses
1 2 Appropriate 3 4
Normal Abnormal Very abnormal

Q1: Go and answer the phone when it rings 136 1.88 + 0.55 21 % 71 % 7 % 1%

Q2: Carry a shopping bag 139 2.04 + 0.62 14 % 71 % 12 % 3%

Q3: Enter and exit a room 140 1.93 + 0.58 19 % 72 % 7 % 2%

Q4: Set the table for four 140 2.02 £+ 0.56 12% 76 % 10 % 2%

Q5: Move a chair 140 1.86 + 0.51 19 % 72 % 3% 1%

Q6: Sit down and get up from a chair 140 2.24 + 0.70 10 % 61 % 24 % 5%

Q7: Bring a pan of water to the table 140 1.97 £+ 0.56 13 % 79 % 4% 4%

Item N (/140) Median [q1; q3] Min Max % floor % ceiling

BDL score (/28) 140 14 [14; 15] 7 21 6 % 0%

ble 3 the BDL score, which shows more subtle improvements in balance than
Table the other tests evaluated. The aim of our scale is to assess balance in
Change of each test from Day 0 to Day 30. e 1s . R,

daily life, which no other scale currently does, making it is difficult to

N=133 Improvement Stability Worsening compare scales. The lack of correlation between the BDL and the other

Timed Up and Go test 45 (34 %) 83 (62 %) 5 (4 %) tests or between the change of the BDL and the change of the other scales

One-leg stance time 14 (11 %) 117 (88 %) 2(2%) confirms the different objective of the BDL. The limitations of available

0 0, 0, . . .

Sternal nudge test 108 %) 103 (77 %) 20 5 %) assessments in predicting falls have been demonstrated [55]. The cur-

Walking-while-talking test 14 (11 %) 108 (81 %) 11 (8 %) dati 1 diff Is 18 h

BDL 71 (53 %) 42 (32 %) 20 (15 %) rent recommendations are to use at least two different tools [18]. The

to evaluate, lacking validated evaluation scales. The BDL incorporates
all three domains, evaluating balance (sensory-motor domain) in a dual-
task context (cognitive domain), within daily life scenarios (environ-
mental domain). We believe that getting patients to perform stand-
ardised daily living activities with a low cognitive load, independent of
social-cultural factors, is an important asset of this evaluation. The
postural reactions induced by the environmental context would likely be
more marked if evaluated at home.

While the procedure for developing the scale did not comply with
recommended standards [33], we nevertheless followed the two stages
classically described: generation of the items from 2005 to 2007 and
collecting feedback as soon as possible. Circulation of the questionnaire
through the French Association of Occupational Therapists in Geriatrics
enabled us to obtain feedback from professionals in the sector con-
cerned. The theoretical analysis was done through a standardised
questionnaire sent to professionals in the sector and a qualitative anal-
ysis of their feedback.

Psychometric properties were promising; acceptability was good,
with only 5/140 (3.5 %) of patients unable to perform 1/7 of the test
items. In comparison, the inability to perform the OLST and the TUG test
reached 46.9 % and 4.7 % respectively in patients using a walking aid
[40], while 84 % of our population used a walking aid. The possibility of
carrying out this test with a walking aid is beneficial in the older fragile
population. With regard to quality, the slight floor effect observed can
also be ascribed to the population characteristics (60 % used a rollator,
64 % lived with caregivers, average IADL score of 3, age 8316 years,
etc.). It would be interesting to see whether the same ceiling effects
present in numerous tests for assessing balance in older people would be
present in community-dwelling older adults [54]. Inter-rater reliability
and temporal stability were comparable to those described in other
balance assessment tests in older people [40]. Regarding responsiveness,
we found a significant sensitivity to change, with a gain of one point on
the BDL after one month of rehabilitation (median score of 14 in the
assessment at D1 and D30, but significant non-parametric Wilcoxon
test). The BDL score evolved in the same direction as the other balance
assessment scales regularly used in geriatric medicine, with no corre-
lation found. Given the lack of correlation, we conducted a comple-
mentary analysis by classifying the data into categories rather than
continuous values. The asymmetric distribution of BDL scores, more
frequently showing a favourable outcome, would be interesting to
explore further. This may be due to the greater discriminatory effect of

cross-domain element potentially makes the BDL workable as a single
evaluation, but this requires validation.

Construct validity showed the same trend, with a link between the
BDL score and the TUG test and the OLST, but no link was found with the
WWT test and the sternal nudge test. After 1 month of rehabilitation, the
sternal nudge and the WWT test did not improve. This could be
explained by the greater cognitive impact of these tests [56], but we did
not carry out cognitive tests on our population to test this hypothesis.
The psychometric qualities of our scale appear to be similar to those of
the TUG and OLST [40], both in terms of construct quality and
responsiveness, but the lack of correlation found suggests that it does not
measure the same aspects. The BDL scale is unique in measuring balance
in daily life, possibly explaining these small differences. However, the
BDL scale does not seem to measure the same dimensions as the WWT
tests and the sternal nudge. Looking at falls over the last 6 months, the
BDL score was slightly higher for patients experiencing a fall, but the p-
value of 0.0528 did not cross the significance threshold, although there
does seem to be a trend. The difficulty of judging this type of correlation
has already been described, as the assessments are made retrospectively,
often some time after the fall. [40]. The patient's condition may have
changed considerably, particularly if a medical event leading to hospi-
talisation precipitated the fall. Moreover, widely used tests such as the
TUG test have been criticised for failing to differentiate between fallers
and non-fallers [17].

While balance assessments in older patients mainly try to predict
falls, we argue that the more pertinent aim ought to be preventing falls.
Medical management combines optimisation of drug treatment, nutri-
tion, balance work and rehabilitation. The BDL assessment performed by
occupational therapists could target patients requiring complementary
work. Indeed, it is essential to differentiate between an “appropriate”
rating i.e. patients using effective compensatory strategies by anticipa-
tion without modifying their balance, and an “abnormal” rating i.e.
those using compensatory strategies by correction and whose balance is
beginning to deteriorate. Patients apply different compensatory strate-
gies, for example, decomposition of the half-turn, support from one/
both hands when lowering and/or standing up, and increasing the
support polygon by spreading the feet. The aim of this rehabilitation
approach is to develop compensatory techniques pro-actively rather
than reactively, once it has become too late. Patients rated “abnormal”
become priority targets for this rehabilitation. Ineffective balance
compensation strategies can be optimised by reinforcement until they
become reflexive and/or anticipatory. One month of rehabilitation ori-
ented in this way improves the BDL score as well as other balance scores
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(TUG and OLST). However, we still need to study whether this approach
and this assessment reflect the risk of falling in a prospective study.

This questionnaire could also be used at home. The original French
version is already used by occupational therapists and is listed by the
French health authorities (HAS) as a complementary screening tool for
falls, even prior to validation [57].

5. Limitations

This study has limitations. Firstly, it was conducted in the depart-
ment where the scale was developed and has been used for many years.
Thus, the therapists have training in administering the scale. However,
we have already disseminated it outside our department and informal
feedback is that, in teams experienced in balance disorders in geriatric
settings, the scoring is relatively intuitive. Nevertheless, an external
assessment would be beneficial.

It should also be noted that the target population (frail older people)
is relatively limited and this scale is unlikely to be useful in other pop-
ulations, particularly more active older people. In addition, we did not
carry out a quantified assessment of cognitive impairment. Only a
general assessment was recorded in the modified SEGA score, which did
not allow further analysis of cognitive functions and the BDL score.

The degree of impairment is indicated by a number from 1 to 4, but
there is currently no global score or threshold value. It has not yet been
studied quantitatively.

6. Future research

The BDL change between Day O and 30 was mostly classed as
favourable. It is not clear whether these changes reflect the functional
rehabilitation care given or if they are the result of a learning curve. The
effect of learning from BDL was not evaluated and could be the subject of
further research. The next step to validating the BDL is via a prospective
evaluation linking BDL score and falls. Furthermore, we need to test the
value of this tool in guiding rehabilitation intervention or home
adaptation.

7. Conclusion

The BDL scale demonstrated good temporal stability, acceptability,
quality, unidimensionality, internal consistency, responsiveness and
construct validity in a population of frail older patients. This scale is
unique in its integrated assessment of balance in daily life and is easy to
use. Following validation, it can be added to the scales already available
for evaluating balance of older patients at risk of falling.
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