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Abstract

Background: Ability in the activities of daily life is often impaired in the older adults with a neurological disease.
The Barthel Index is an instrument used worldwide to assess such ability. The Longshi Scale is a picture-based
alternative, but its effectiveness has not been evaluated with older adult subjects. This study was to determine
whether the Longshi Scale can effectively quantify the ability of older adults in the activities of daily living by
comparing its ratings with those using the Barthel Index.

Methods: A multi-center cross-sectional study was conducted among patients over 65 years. A total of 2438
patients were divided into three groups, including bedridden, domestic, or community group based on their ability
to go out of bed, move outdoors, and return indoors. Their ability in the activities of daily living among three
groups was evaluated using both the Longshi Scale and the Barthel Index, and the results were compared.

Results: There was a significant difference in the average Barthel Index scores of three groups classified using the
Longshi Scale. The average Longshi Scale scores also showed significant differences between the four groups
classified using the Barthel Index. Spearman correlation coefficients showed strong correlation(>0.83) between the
Longshi Scale and Barthel Index scores.

Conclusions: The Longshi Scale can efficiently distinguish the ability in the activities of daily living of people with a
neurological disease. Its rating correlate well with those using the Barthel Index.
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Background
At the end of 2019 the total population of mainland
China aged over 60 totaled more than 250 million, or
about 18.1 % of the total population [1]. Older adults
often have structural decline and degraded physiological
functioning which may impair their ability to perform

common activities of daily living (ADL) [2]. More ser-
iously, loss of ADL ability may induce a poor quality of
life to go with increased medical needs with their
economic burden on the family and the healthcare
system [3–6]. Therefore, it is important to evaluate the
ADL disability in clinical practice, and the social security
system demands that as well [7–9].
Katz [10] and others have proposed the ADL as a con-

text to evaluating the health and functional status of
older adults, that view has gradually been adopted.
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Several instruments have been developed for the pur-
pose. The Barthel Index (BI) [11] is an instrument rec-
ommended by the Royal College of Physicians for
routine use in the assessment of the ADL ability of older
people [12, 13]. The index assesses ten daily activities
using ordinal scales. The original BI was scored in steps
of five points to give a maximum total score of 100.
Functional Independence Measures have also been vali-
dated for evaluating the older adults [14]. They cover 18
items, with a total score ranging from 18 to 126. But
using them properly requires professional training and is
time-consuming. As an alternative, the Japanese have
developed a Functional Independence and Difficulty
Scale with 14 items, but it has been validated only with a
Japanese population [15].
The Longshi Scale is a novel pictorial instrument, with

good inter-rater and intra-rater reliability(Intraclass Cor-
relation Coefficient, ICC>0.8) developed to assess dis-
ability associated with neuromuscular and
musculoskeletal conditions [16]. A subject is first evalu-
ated to assign them to the bedridden group, domestic
group or community group (Fig. 1). The patient is then
evaluated using a form to their particular group (Fig. 2).
Each form consists of 3 items. Each item is assessed
using three pictures by a professional corresponding to
three levels on a Likert-type scale: 1 for maximum to
fully dependent, 2 for partially independent, and 3 for
maximum to fully independent. However, the Longshi
Scale has not yet been validated for use with older
people, especially those disabled by a medical condition.
The aim of this research was to document the extent

to which the Longshi Scale can distinguish among levels
of ADL ability with elderly disabled persons. Its ratings
of elderly patients affected by neurological disease were
compared with those of experienced professionals using
the BI.

Methods
Study design and setting
This multi-center, cross-sectional study was conducted
between October 2019 and April 2020 by 23 rehabilita-
tion therapists from nine hospitals of Kunming,
Chengdu, Shanghai and Shenzhen around China.

Sample size calculation
An informal sample size calculation was performed. It
was expected that the point estimate of proportions var-
ies widely, therefore a prevalence of 0.4 of neurological
diseases in the older adults (female, 50 %; male, 30 %)
was assumed [17]. To measure this proportion with a
95 % confidence interval (CI) width of ± 0.05, 369 sub-
jects were regarded as sufficient. In this study, 2438
older people with neurological diseases were included,
which could meet the sample size.

Participants
A total of 2438 inpatients in the rehabilitation medicine
departments participated. For the purposes of this study,
only neurological diseases patients (current diagnosed)
were selected. The inclusion criteria were subjects who
were age ≥ 65 years, a first-onset neurological condition
confirmed by CT or MRI with a duration between 3 and
12 months, and with stable vital signs. The conditions
represented were stroke, post-traumatic brain injury syn-
drome, brain tumor, spinal injury and other disorders.
Patients who had diagnosed with mental illness or cogni-
tive dysfunction were exclude. All the participants’ cog-
nitive status had assessed by a nurse using Mini-mental
State Examination (MMSE) before formal evaluation. In
this study, we excluded the patients with mental illness
or cognitive dysfunction(MMSE<27),because the Long-
shi Scale is a pictorial scale, and patients with MMSE<27
were unavailable to undergo Longshi Scale assessment.
Additionally, patients participating in any other clinical
study were also excluded.

Measurement
The BI and Longshi Scale used in the study have no
authorization restrictions, which can be obtained and
used by the researchers freely. The BI [18] ratings of an
individual’s performance of the 10 ADL tasks are based
on the amount of physical assistance required to per-
form the task successfully. The BI ratings are in incre-
ments of 5 points (Table 1). The total scores range from
0 to 100. Scores for most items range from 0 to 10, with
0 being unable to perform, 5 assistance required, and 10
completely capable. Two items have a score range of 0
to 5, with 0 being unable and 5 complete ability. Two
additional items score 0 to 15, with 0 being unable, 10
with assistance, and 15 fully capable. Based on previous
studies, this study’s participants were classified as se-
vere(0–20), moderate(21–60), mild(61–90), and no dis-
ability(91–100) using the BI [19].
With all three groups (bedridden, domestic and com-

munity), the Longshi Scale assesses them using three
pictorial items. The three-point Likert-type scales add
up to a total possible score of 9 (with 3 indicating mini-
mum independence and 9 indicating maximum inde-
pendence) [15]. The participants were first assessed and
classified into the bedridden, domestic, or community
group based on their ability to get out of the bed, move
outdoors and return indoors. (See the flow chart in
Fig. 2). The bedridden group was defined as individuals
could not get out of the bed independently, and the
three items, including bladder and bowel management,
feeding capability, and leisure activity, were assessed by
professional evaluators based on caregiver-reported. Do-
mestic group (domestic ambulator) was defined as indi-
viduals who could get out of bed but could not go
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outside independently with or without assistance (device
or personal). Toileting, grooming, and housework were
evaluated by professional evaluators based on caregiver-
or patient-reported. Community group (also called com-
munity ambulator) was defined as individuals were cap-
able of going outdoors independently with or without
the help of assistive devices [15]. Community mobility,
shopping and social participation were finally evaluated
by professional evaluators based on caregiver- or
patients-reported. (See the flow chart in Fig. 2).

Data collection
Questionnaires were used to collect sociodemographic
data about the subjects and about their lifestyles. The

clinical information came from their medical records.
ADL ability was assessed by a registered physician, nurses
or therapist using the Quicker Recovery Line (QRL) plat-
form, a rehabilitation evaluation and management system.
Firstly, a professional logged in the QRL Application, and
asked patients to signed informed consent. Secondly, the
Longshi Scale and BI were pushed randomly based on
QRL system. Lastly, the professional orderly used the
pushed-scale to assess patients’ ADL. Both Longshi Scale
and BI were evaluated by interviewing the patients or their
caregivers face-to-face. All of the data were recorded on
electronic forms and submitted to QRL online system.
Missing information was completed by requesting that the
practitioner involved re-interview the participant.

Fig. 1 Longshi Scale for categories for assessing ability in the activities of daily living (owned by Corresponding author Yulong Wang)
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Data analysis
Statistics describing the demographic characteristics and
clinical information were compiled as numbers and per-
centages. The demographic characteristics included age,
gender, occupation (civil servant, work, farmer and
others), marital status(married or single including
widowed), annual household income(<¥50,000; ¥50,000-
100,000; ¥100,000-150,000 and >¥150,000),education
level(primary or less, middle school, high school, college
and higher) and diagnosis(cerebral hemorrhage, cerebral
infarction, spinal and osteoarticular diseases, and others).
All except the gender and diagnosis were self-reported
and unverified. Concurrent chronic diseases including
hypertension, diabetes, hyperlipidemia, and heart disease
were also recorded in some cases.
All clinical and demographic variables of patients were

performed with descriptive analyses. Means and

standard deviations [SD] were computed for the con-
tinuous variables, while frequencies (proportions) were
computed for categorical variables. Comparisons of the
BI scores between the three Longshi Scale groups were
made using one-way analysis of variance, as were the dif-
ferences in Longshi Scale scores among the groups based
on the BI results. Spearman correlation coefficients were
computed to evaluate the relationships between the
Longshi Scale scores and the BI scores. All of the ana-
lyses were conducted using version 21.0 of the SPSS
software. A p-value of less than 0.05 was considered stat-
istical significance, and all of the tests were two tailed.

Results
There were 5944 inpatients with neurological diseases
enrolled after preliminary screening. Given the inclu-
sion/exclusion criteria, a total of 2438 subjects include

Table 1 Bather Index scores

Items Unable to perform the task Needs assistance Fully independent

Feeding 0 5 10

Bathing self 0 0 5

Personal hygiene 0 0 5

Dressing 0 5 10

Bowel control 0 5 10

Bladder control 0 5 10

Toilet 0 5 10

Chair/bed transfers 0 5–10 15

Ambulation 0 5–10 15

Wheelchaira 0 0 5

Stair climbing 0 5 10

Range 0 100
aScore only if unable to walk
A total BI score of 0–20 suggests total dependence, 21–60 severe dependence, 61–90 moderate dependence and 91–100 slight dependence. A score of 100
indicates that the patient can be independent of assistance from others in daily life

Fig. 2 Flow chart of assessment using Longshi Scale
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in the study. There were 959 in the bedridden category,
644 considered domestic and 835 in the community
group. More details of the three groups are shown in
Table 2.
Figure 3 shown that there was a significant difference

between the average BI scores of the Longshi Scale
groups (p ≤ 0.001, Table 3). The patients in the commu-
nity group had the highest mean BI total scores (95.01,

SD = 8.16), while those of the bedridden group had the
lowest (19.99, SD = 19.32).
In the Table 4, the Longshi Scale scores show signifi-

cant differences between the BI groups (slight depend-
ence, moderate dependence, severe dependence, and
total dependence). The bedridden group had the lowest
average score in the BI total dependence groups (p ≤
0.001) (Fig. 4a). In the domestic group the highest mean

Table 2 Demographic and clinical characteristics of the subjects

Variables Bedridden group(n = 959) Domestic group(n = 644) Community group(n = 835) Total(n = 2438)

Female, n(%) 475(49.5) 299(46.4) 421(50.4) 1195(49.0)

Age (Mean ± SD) 78.40 ± 8.10 75.55 ± 7.09 71.78 ± 5.75 75.38 ± 7.64

Profession

Civil servanta, n(%) 91(9.5) 57(8.9) 38(4.6) 186(7.6)

Workerb, n(%) 354(36.9) 141(21.9) 150(18.0) 645(26.5)

Farmerc, n(%) 232(24.2) 308(47.8) 546(65.4) 1086(44.5)

Others, n(%) 282(29.4) 138(21.4) 101(12.1) 521(21.3)

Marital status

Single, n(%) 3(0.3) 7(1.1) 3(0.4) 13(0.5)

Married, n(%) 792(82.6) 565(87.7) 795(95.2) 2152(88.3)

Divorced, n(%) 8(0.8) 3(0.5) 5(0.6) 16(0.7)

Widowed, n(%) 156(16.3) 69(10.7) 32(3.8) 257(10.5)

Education level

Primary School or below, n(%) 331(34.5) 346(53.7) 588(70.4) 1265(51.9)

Middle school, n(%) 245(25.5) 117(18.2) 122(14.6) 484(19.9)

High school 248(25.9) 100(15.5) 71(8.5) 419(17.2)

College or above, n(%) 99(10.3) 62(9.6) 42(5.0) 203(8.4)

Others, n(%) 36(3.8) 19(3.0) 12(1.4) 67(2.7)

Family income

< 50,000 yuan, n(%) 265(27.6) 313(48.6) 528(63.2) 1106(45.4)

50,000-100,000 yuan, n(%) 332(34.6) 171(26.6) 188(22.5) 691(28.3)

100,000-150,000 yuan, n(%) 237(24.7) 111(17.2) 77(9.2) 425(17.4)

150,000-200,000 yuan, n(%) 70(7.3) 32(5.0) 26(3.1) 128(5.3)

> 200,000 yuan, n (%) 55(5.7) 17(2.6) 16(1.9) 88(3.6)

Diagnosis

Cerebral hemorrhage, n(%) 139(14.5) 41(6.4) 10(1.2) 190(7.8)

Cerebral infarction, n(%) 556(58.0) 309(48.0) 176(21.1) 1041(42.7)

Spinal or osteoarticular disease, n(%) 102(10.6) 183(28.4) 488(58.4) 773(31.7)

Others, n(%) 162(16.9) 111(17.2) 161(19.3) 434(17.8)

Hypertension, n(%) 660(68.8) 356(55.3) 660(79.0) 1274(52.3)

Diabetes, n(%) 260(27.1) 116(18.0) 100(12.0) 476(19.5)

Hyperlipidemia, n(%) 61(6.4) 30(4.7) 40(4.8) 131(5.4)

Heart disease, n(%) 277(28.9) 106(16.5) 85(10.2) 468(19.2)

Civil servanta: Professional, commercial or technical employee of a state agency
Workerb: Service, production, transportation and some manual works
Farmerc: Agricultural, forestry, animal husbandry and fishery works
Others: workers not otherwise classified
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Longshi Scale scores were seen in the BI’s slight
dependence group (Fig. 4b). Significant differences in
average Longshi Scale scores were also observed in the
domestic group (p ≤ 0.001, Table 4). The average
Longshi Scale scores in the community group ranged
from severe to slight dependence (Fig. 4c). There was a
significant difference among them in the community
group (p ≤ 0.001).
The Spearman correlation coefficients between the

Longshi Scale scores and BI scores were 0.869 in the
bedridden group, 0.848 domestic in the domestic and
0.828 in the community group. Those correlations were
all significant at the p ≤ 0.001 level of confidence
(Table 5).

Discussion
These results suggest that the Longshi Scale’s pictorial
approach scale of ADL in effectively distinguishes the
ADL ability of older adults with a disability. The data
also demonstrated that the Longshi Scale classifications
correlated well with those using the BI. Both scales are
useful in assessing the functional disability among the
older adults.
The subjects in the Longshi Scale’s community group

had the highest mean BI total scores (95.01, SD = 8.16),
while those in its bedridden group had the lowest (19.99,
SD = 19.32) indicating more severe loss of function.

There was a significant difference in average BI scores
among the three Longshi Scale groups (p ≤ 0.001,
Table 3). These findings confirm that the Longshi Scale
groups effectively discriminate among levels of ADL
performance. That finding is consistent with those of
previous researches [11, 20] that the ADL ability of older
adults is positively related to their scope of their activ-
ities. The categorization and scoring system of the Long-
shi Scale make it easier to assess and understand elderly
persons’ functional status.
The average scores of the three Longshi Scale groups

showed significant differences among the 4 BI subgroups
(slight, moderate, severe and total dependence) (p ≤
0.001). The average scores of the three Longshi Scale
groups gradually increased from the total dependence
group to the slight dependence group. That shows that
the Longshi Scale’s picture-based items can reflect the
differences in ADL ability among older patients. Pictures
might be superior to word-based scales with some older
adults or very young patients [21–23].
The Spearman correlation coefficients relating the

Longshi Scale and BI scores confirm a strong positive
correlation with all three Longshi Scale groups. On that
basis the Longshi Scale can be said to effectively reflect
the ADL ability of older adult patients and to have useful
clinical validity. The Longshi Scale offers a useful alter-
native in future research and in the clinic.
The assessment of community-dwelling older adults

who may have an undiagnosed chronic illness or disabil-
ity is of great importance [24, 25]. Indeed, such older
adults may be at great risk of having a low level of self-
care despite their community-dwelling status, which can
have a profound effect on their quality of life [26, 27].
The Longshi Scale should be useful for evaluating their
self-care ability and any need for intervention [28]. It
can be used to assess older adults’ ability to maintain
their own health, whether a serious health conditions ex-
ists or not.
Previous studies have shown that the Longshi Scale is

a simple to use, yet reliable and scientific. It can be used
with different groups of people and indeed by non-
medical personnel or even patients themselves [16, 29].
With an aging society, it is necessary to establish a long-
term care service system offering medical security sys-
tem to the older adults [30]. The picture-based Longshi
scale could be of great utility in this effort, especially for
the elderly disabled persons with certain complications.

Fig. 3 The differences of Barthel index scores based on groups of
Longshi Scale

Table 3 The differences of Barthel Index scores based on groups of Longshi Scale

Groups of longshi Scale Barthel index scores (mean ± SD) F-value P-value

Bedridden 19.99 ± 19.32 5032.94 < 0.001

Domestic 71.86 ± 18.81

Community 95.01 ± 8.16
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Table 4 The differences of Longshi Scale scores based on the groups of Barthel index

Groups of
Longshi Scale
scores

Groups of Barthel index F-value P-value

slight dependence
(n = 681)

moderate dependence
(n = 604)

severe dependence
(n = 601)

total dependence
(n = 552)

Bedridden, n(%) 2(0.3) 19(3.1) 391(65.1) 547(99.1)

Scores (mean ± SD) 9.00 ± 0.00 7.00 ± 1.70 7.06 ± 1.20 4.06 ± 1.24 465.90 < 0.001

Domestic, n(%)) 89(13.1) 352(58.3) 198(32.9) 5(0.9)

Scores (mean ± SD) 7.88 ± 1.01 6.26 ± 1.44 3.89 ± 0.88 3.00 ± 0.00 267.84 < 0.001

Community, n(%) 590(86.6) 233(38.6) 12(2.0) 0(0)

Scores (mean ± SD) 8.69 ± 0.82 6.48 ± 1.20 4.67 ± 1.50 - 522.26 < 0.001

Fig. 4 Differences of Longshi Scale scores in Bedridden group(4a), domestic group (4b) and community group(4c) based on groups of BI. BI-1:
slight dependence, BI-2: moderate dependence, BI-3: severe dependence, BI-4: total dependence

Table 5 The correlations between Longshi Scale scores and Barthel Index scores

Groups of Longshi Scale Longshi Scale scores (mean ± SD) Barthel Index scores (mean ± SD) correlation coefficient P-value

Bedridden 5.35 ± 1.93 19.99 ± 19.32 0.869 < 0.001

Domestic 5.73 ± 1.84 71.86 ± 18.81 0.848 < 0.001

Community 8.02 ± 1.43 95.01 ± 8.16 0.828 < 0.001
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Quick and effective assessment of ADL ability can help
older adults enjoy the benefits of appropriate and effect-
ive care. It can also save on the cost of care and reduce
the pressure on older adults’ care services[31, 32]. Its use
should therefore improve rehabilitation treatment, guide
the continuity of care and ensure adequate social sup-
port and disability benefits for the older adults[27].
There were some limitations in this study. Firstly, this

was a cross-sectional cohort study. Its findings might
usefully be extended by examining the changes in the
Longshi Scale scores of the elderly disabled persons over
time, with and without professional intervention. The
scale’s sensitivity to change needs to be documented.
Secondly, the data were collected by interviewing the pa-
tients or caregivers, which lead to information bias.
However, based on a previous research, the results
showed that Longshi Scale could potentially provide an
efficient way to assess the ADL in disabled patients.
Thirdly, the participants in this study were all-Chinese
population, which was limited generalizability to other
population.
Despite these limitations, this has been the first study

to document conclusively the Longshi Scale’s ability to
distinguish among levels of disability in elderly subjects.
That despite its being a multicenter study using evalua-
tors with different levels of training.

Conclusions
The picture-based Longshi scale can effectively distin-
guish the levels of ADL ability in older adults. The scale
shows great potential for improving the design of re-
habilitation programs, improving the continuity of care,
and adjudging appropriate disability benefits for the
older adults.
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