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Abstract

Introduction: Comprehensive and interdisciplinary measurement of rehabilitation outcome is an essential part of
the assessment and prognosis of a patient. Thus, this requires substantial contributions from the patient, their family
and the rehabilitation professional working with them. Moreover, the measurement tool should be comprehensive
and must consider the cultural compatibility, cost efficiency and contextual factors of the region.

Methods: The Comprehensive Rehabilitation Outcome Measurement Scale (CROMS) was developed through con-
sensus and followed the Delphi process incorporating inputs from various rehabilitation professionals. The domains
and items were finalized using Principal Component Analysis (PCA). The tool was validated in two native languages
and back-translated considering the semantic equivalence of the scale. Intra-class correlation coefficient was per-
formed to determine the agreement between the therapist and patient-reported scales.

Results: The final CROMS carries 32 comprehensive items that can be completed by the person with disability and
the professional team. CROMS compares well to similar items on FIM (I ICC of 0.93) and has good internal consistency
with a Cronbach’s Alpha of 0.92 for both patient and therapist reported measures.

Conclusions: The 32 item CROMS is a tool that can potentially be used to evaluate the functional independence of
various patient populations, predominantly patients with neurological disabilities.

Keywords: Functional measurement scale, Rehabilitation outcomes, Rehabilitation, CROMS, Scale validation

Introduction

Measurement and documentation of health outcomes
are critical factors in health care systems and they play
a vital role in evidence-based practice [3, 24, 39]. Appro-
priate measurement tools are imperative to deliver client-
centric rehabilitation care, and accountable and ethical
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professional practice [48]. Progress achieved from any
set of interventions must be measured and documented
using appropriate tools for assessment. These tools must
take into account various domains of functioning that are
meaningful to the patient and also relevant to individual
domains of expertise of team members.

Rehabilitation may be defined as the multi and inter-
disciplinary management of a person’s functioning
and health [34, 60, 68]. The interdisciplinary team con-
sists of professionals including physiotherapists (PT),
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occupational therapists (OT), speech and language
pathologists (SLP), clinical psychologists (CP), medical
social workers (MSW), registered nurses (RN), medi-
cal doctors (MD) working in concert with the patient
and family. Each individual has a distinct yet cooperative
role in rehabilitating a patient from the day of admis-
sion to community re-entry, achieving the optimum level
of functional independence [42, 70]. It is imperative to
measure and document the patient progress using appro-
priate tools to help plan interventions and necessary care
deserved by the patient [43, 74, 81].

Multiple outcome measurement tools have been devel-
oped and used across various rehabilitation disciplines
to objectively quantify the patient status and progression
[33]. However, many of which are discipline-specific and
may hinder inter-disciplinary understanding and move
away from the patient-first philosophy of rehabilitation.
Moreover, they may aid confusion and reduce the con-
sistency of practice even within a single institution [18,
19, 33, 38]. Functional Independence Measure (FIM) [18],
Barthel index (BI- 5 and 10 items) [26], Modified Rankin
Scale (MRS) [53, 79] are some of the more widely used
such tools [46, 57, 62, 64]. Each of these scales has signifi-
cant advantages and disadvantages, and also no particu-
lar scale is recommended for all situations and patient
groups [26]. FIM is one of the commonly employed tools
in functional assessment to monitor patient progress
throughout the rehabilitation process [1, 22]. However,
FIM requires paid professional training, and the soft-
ware-based tool requires a subscription (https://www.
uow.edu.au/ahsri/aroc/fim-weefim/workshops/). ~ This
imposes restricted access to the tool, especially for reha-
bilitation professionals from low and middle-income
countries (LMIC).

The International Classification of Functioning, Dis-
ability, and Health (ICF) provides a comprehensive frame
of reference that allows for direct examination of the rel-
evance and comprehensiveness of activity and function
[47]. Within the ICF categorization system, the ’activity’
dimension represents a person’s perspective on function-
ing and is described as ‘difficulties an individual may have
while performing tasks [61]. This dimension is comprised
of areas pertaining to domestic life, self-care, mobility,
activities of daily living (including instrumentally aided
activities), and responsibility for one’s health. Many of
the existing functional scales have been framed before
the ICF was introduced. The tasks involved in domestic
life and the way of performance of activities of daily living
and self-care may vary across cultures and may consist of
domains that are not necessarily part of the hegemonic
constructs included in traditional scales like FIM. The
FIM for instance takes into account bathing in settings
common in Western societies (tub or shower) which are
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far different from the activities involved in bathing in
many LMIC (using a bucket and dipper to take water and
our over oneself/ use a waterbody to immerse oneself for
bathing). Similarly, FIM assumes that toileting is done on
a sitting type commode with indoor plumbing which can
be different in many Asian countries. Many Asian coun-
tries still utilize squat toilets and many rural homes do
not have indoor plumbing and they will have to walk to
an “outhouse”. Functional independence and limitations
are proven to be associated with social welfare, ethnicity,
and culture [8]. Additionally, there are differences in how
people interpret measurement scales, and the most rel-
evant measure may vary between populations depending
on their age, literacy level, and cultural background [50].

The currently used functional measurement scales are
developed for Western countries considering the specific
functional requirements and the overall health care sys-
tems in these countries. These scales are limited in utility
for conditions in LMICs due to various factors, includ-
ing the differences in social structure and requirements,
accessibility, and health care systems. Moreover, evidence
from upper-middle and high-income countries also sug-
gest the inadequacy of commonly used tools due to the
limited range of domains, item definitions, scoring, and
psychometrics limiting the use of a single outcome tool
for various patient populations and conditions [16, 27,
63]. Existing tools are notable in the absence of certain
domains like hygiene, outdoor ambulation, nursing care
which form important aspects of functional independ-
ence in persons with chronic illness, aging, or disability,
requiring the rehabilitation professional to resort to other
tools to measure these constructs separately. Commut-
ing multiple outcome tools to assess various domains
could reduce the confidence in overall scoring and thus
affect the management planning of the patient [41, 73].
Moreover, generic outcome measures are generally either
patient-reported or therapist assessed and rarely encom-
pass both aspects. In short, the need for a comprehensive
rehabilitation outcome tool is justifiable. Although the
scale has been constructed with populations in LMIC in
mind its utility in specific situations in the Global North
is plausible.

Current rehabilitation assessment in India relies heav-
ily on diagnostic classification, objective measures like
imaging and laboratory findings and does not follow
the ICF framework of health comprehensively. Function
is assessed by informal modification of existing tools
developed in western countries or by descriptive meth-
ods. Informal modifications are not standardized and
cannot be used to measure improvement or research
purposes. Likewise, descriptive assessment is difficult
to compare across patients, populations and centers
and in research. These are other reasons that the need
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for a culture appropriate scale to measure function was
deemed necessary.

Therefore, the objectives of this study were to develop
a tool to measure functioning relevant for a person
with disability in India and similar countries. This scale
attempted to overcome the difficulties of cultural rel-
evance, cost, and comprehensiveness in currently used
scales [40]. Additionally, the authors attempted to
develop a freely available scale with scoring criteria that
are self-explanatory and that can be learned from a user
manual, thus avoiding the need for additional training
and training-related costs. The CROMs has scales that
can be administered by both health care professional and
patients or caregivers.

Materials and methods

To fulfill the objectives, the study was undertaken in two
major sections. Section 1 consisted of the development
of the professional reported scale. This was conducted in
four phases using a modified Delphi approach and based
on previous literature in tool development [25, 52, 54—
56, 66]. In Section 2, we developed the patient-reported
questionnaire and this was done in three phases. Both
tools are meant as assessment tools or functional status.

The study protocol was reviewed and approved by the
institutional review board (JSSCPT_IRB_06/06/2019).
Participants (patients and caregivers) included in all the
phases were selected if they had a good command over
the respective language, did not have any altered mental
status as judged by a staff member.

Participants for all phases were recruited through
convenience sampling. This study was conducted in a
physical medicine and rehabilitation center with inter-
disciplinary professionals such as Physiotherapist (PT),
Occupational Therapist (OT), Speech-Language Pathol-
ogist (SLP), Clinical Psychologist (CP), Rehabilitation
Nurse (RN), General Physician (GP) and Medical Social
Worker (MSW). The kind of patients commonly seen
at the center are Traumatic brain injury, Stroke, Spinal
cord injury, Amputation, Cerebral Palsy, Chronic pain
disorders.

Section 1: development of therapist reported
questionnaire

Section 1 consisted of four phases aimed at developing a
questionnaire completed by members of the professional
team.

Phase I-item generation

Three male and four female physiotherapists, two male
and one female occupational therapist, one male and two
female registered nurses, one male and one female speech
and language pathologists, one female general physician,
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one male medical social worker, and one female clini-
cal psychologist who were willing to participate were
included in phase one and two. The included profes-
sionals had a minimum of five years of clinical experi-
ence dealing with patients with disability. All of them
had specific training and were experts in their respective
fields. 1 PT is a nationally accepted rehabilitation expert.
One nurse had more than 15 years experience in clinical
care and clinical teaching. The social worker had seven
years of experience in disability and rehabilitation and
the psychologist was pursuing her doctoral study. They
were selected based on the response of willingness and
their expertise in the area of disability. The objectives of
a Delphi technique were used here to arrive at consensus
through an iterative process [20, 28, 45]. The experts were
selected based on their professional expertise, life worldly
experience and ability to remain impartial (information
extracted through interaction with the senior author KR
who has over 30 years of clinical, academic and research
experience in rehabilitation). Moreover their currentt
knowledge and/or perceptions in the field of disability
and rehabilitation were considered through scrutiny of
academic, clinical and research activities.

All the participants were requested to list specific ques-
tions regarding functional independence from their area
of expertise on the types of patients routinely seen in a
semi formal questionnaire. Components of tools that
are commonly used were suggested as a framework so
that missing components could be identified and the
list of questions could be made comprehensive. Moreo-
ver, they were told to recapitulate an average day of life
so that they could go through the various steps and iden-
tify areas that are routinely assessed. A series of meetings
were conducted every Saturday from 9 AM to 12.30 PM.
As the patients had different diagnoses, heterogeneity in
the focus of care was expected. To account for this, dis-
cussions were conducted under different disciplinary
areas and then collated. It was decided that the patient
must be scored only on relevant items by the appropriate
discipline professionals. Any items that are currently not
relevant (NR) for the patient were marked as NR. Each
discipline reported the questions documented, and dis-
cussions were conducted. This was carried out for three
weeks, at which point questions became repetitious. The
activity was continued for a further three weeks to ensure
data saturation. Questions identified during the last six
consensus meetings were listed in order of priority and
documented. Priority was considered depending on the
number of respondents who listed the activity as the first
among the list of activities. After each choice, the selected
item was removed and the activity was continued until all
items were completed. Those items which were duplicate
of constructs were removed. Consensus for this and all
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following stages was considered as an agreement of at
least 80% of participants following multiple discussions.

Phase ll-item reduction

A seven-point Likert scale was developed as scoring cri-
teria by the team using a consensus approach [4, 76]. The
scoring scale progressed with major gradation in behav-
ior from dependence to independence (1-7). The scoring
was to ignore those functions that the individual was not
doing prior to the disablement (eg. stair climbing, social
interaction, working). It is important to consider this fac-
tor when the lens of personal autonomy is used to view
disability..

At successive consensus meetings, items were culled
so that only those items, which were feasible and realistic
were retained. Feasibility was defined as “ ease of measur-
ing accurately using the description given in the CROM
manual and realistic was defined as “ the ability for health
professionals to observe and rate the item” Consensus
was obtained by ongoing discussions and modification to
the language used in the scale and the scoring was made.
It was decided a priori that any item which was unable to
achieve consensus would be removed from the tool. Items
that did not achieve consensus during the six meetings
were discarded. Reasons for successive dissention was
duplication of constructs with other items in the scale,
infeasibility to observe the function and lack of relevance
in the opinion of two or more professionals. Others were
re-written to capture constructs that were dissented to,
until consensus was achieved. Similarly, a scoring rubric
was generated which was made with FIM as a reference.
Validity of the 7 point scoring was assumed and modifi-
cations to rubric was developed through he same process
of consensus as described for item stem generation.

Phase lli-face validation

Following tool construction, face validity was assessed
by 18 experts (PT, OT, RN, SLP, MSW, GP, and CP)
not involved in the item generation phase using a five-
point Likert for each question, where five was most
appropriate and zero was not at all appropriate. One
senior physiotherapist (10 years of experience), six
junior physiotherapists (mean experience=5 vyears),
one senior occupational therapist (10 years of experi-
ence), two speech-language pathologists (mean expe-
rience=5 vyears), three rehabilitation nurses (mean
experience =5 years), one medical social worker (mean
experience=3 years), one clinical psychologist (mean
experience =3 years) and a general physician (10 years of
experience) were included for the face validation. Neces-
sary revisions were made in the language during consen-
sus meetings between the professionals involved in the
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first two phases and members in the face validation team
and the tool was finalized.

Phase IV-construct validity, concurrent validity

The construct validity was established using data taken
from evaluation of 246 patients by relevant profession-
als. Simultaneously a small sub-group of patients (n=30)
were scored on relevant items of FIM to establish con-
current validity. FIM is a widely used tool with estab-
lished validity and reliability [15]. Only items that were
comparable between the two tools were selected for con-
current validity evaluation. The tool characteristics were
analyzed using appropriate statistical methods.

Section 2: development of the patient-reported
questionnaire

This section consisted of three phases aimed at devel-
oping a patient-reported companion questionnaire in
Indian languages. Two major languages of Southern
India (Kannada and Malayalam) were utilized in addition
to English since the majority of the patients included in
the study were fluent in at least one of these languages.

Phase V- forward translation of the questionnaire to target
languages

The scale developed in Section 1 (in English) was trans-
lated to the local languages (Kannada and Malayalam)
by two native, bilingual non-medical persons, and one
health care professional in each language. The trans-
lated scale was given to a cohort of 15 patients and 15
primary caregivers. Caregivers were included when the
patient was unable to contribute due to cognitive or
communication dysfunctions. Diagnoses included cervi-
cal spinal cord injury (n=2), thoracic spinal cord injury
(n=2), lumbar spinal cord injury (n=2), elders with gen-
eral debility (n=6), Parkinson’s disorder (n=4), right
cerebrovascular accident (n=2), left cerebrovascular
accident (n=2), acute idiopathic demyelinating polyneu-
ropathy (n=4), head injury (n=2), amputations (n=2)
and total joint replacement (n=2).

Fifteen of the patients had completed their rehabilita-
tion and had returned to the community (8 whose pri-
mary language was Kannada and seven whose primary
language was Malayalam). Fifteen patients were under-
going rehabilitation at the center (9 whose primary lan-
guage was Kannada and six whose primary language was
Malayalam). Participants were requested to mark the
question stems for appropriateness and relevance to their
lives. They were requested to flag words that were not
understood. Language was modified until the meaning
was clear. Consensus on clarity was obtained at a meeting
of all participants moderated by the key author (KR) who
is proficient in both languages and English.
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Phase VI- back translation to English and finalization

of the tool

Back translation from the two Indian languages was done
by two independent translators for each language who
were not health care professionals. The senior author
(KR) collated the English translations and the version
that was synonymous with the original English scale was
finalized.

Phase VII- evaluation of agreement between therapist
reported, and patient/caregiver reported questionnaire

as well as face validation

Thirty persons with disability were evaluated using the
tool by respective professionals and concurrently by
patients with disability and caregivers. The character-
istics of caregivers were recorded. The majority of the
caregivers were women who were interested in the inde-
pendence of their wards. More than 65% of the caregiv-
ers had a secondary level of education (the remaining had
more than upper primary level of education). Some of
the negative attitudes which were noted were reluctance
to accept the condition as permanent, and anger at the
health care professionals for training them with assistive
devices. Five of the caregivers had physical limitations
due to age. The participants/ primary caregiver assessed
self/the person using the patient-reported version of the
scale. This phase was performed to assess the agreement
between professional opinion and patient self-report.

Other properties of the scale

Time to complete and ease of use

The therapist or caregiver who was filling out the question-
naire kept track of the time required to complete the tool.
A survey was conducted to find out the appropriateness
and ease of use of the scale without specific training. The
stages of tool development were taken from established
methods [4], and are illustrated in Fig. 1. (Fig. 1 here).

Data synthesis and analysis
Phases I, II, III, V and VI were analyzed descriptively.

In phase IV, the data were tested to ensure that they
met the requirements for Principal Components Analysis
(PCA) using the Kaiser—Meyer—Olkin measure of Sam-
pling Adequacy and Bartlett’s test of sphericity. Items
that did not have a factor loading of 0.4 were eliminated
from PCA. For the PCA, varimax rotation was chosen
as this is an exploratory analysis. The number of compo-
nents was determined using the PCA and the number of
components to retain was determined using scree plot
with parallel analysis. Thirty-two items were calculated
for item analysis. The internal consistency of the factori-
ally derived scale was assessed by calculating Cronbach’s
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Fig. 1 The stages of tool development

alpha. The internal consistency was interpreted as
excellent (0.9<a), good (0.8<a<0.9), and acceptable
(0.7<a<0.8) based on the derived Cronbach’s alpha
value [14, 67, 69].

Relationships between CROM subscales and FIM were
computed using ICC (ICC estimates and their 95% con-
fident intervals were calculated based on the two-way
mixed-effects model, with single rater performing both
CROM and FIM) [31]. An a-level of 0.05 was used to
determine statistical significance.

In phase VII, an agreement between the therapist-
reported scale and patient-reported scale was analyzed
using ICC (ICC estimates and their 95% confident inter-
vals were calculated based on one-way random effects
model, considering absolute agreement, and multiple
raters [31]. ICC values less than 0.5 are considered as
poor reliability, values between 0.5 and 0.75 are consid-
ered as moderate reliability, values between 0.75 and 0.9
are considered as good reliability and values greater than
0.90 indicate excellent reliability [31, 51].

Results
Demographic characteristics of the samples at various
phases are given in Table 1.
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Table 1 Demographic characteristics of the participants

Variable Sub group Number of
participants
Age 18-30 51
31-60 40
61 and above 23
Sex Male 65
Female 49
Marital status Unmarried 35
Married 69
Diagnosis Spinal cord injury 47
Cerebrovascular Accident (CVA) 28
Traumatic brain Injury 17
Parkinson'’s disease 2
Amputation 2
Cerebral Palsy 9
Others- Geriatrics, Cardiac illnesses 9
and Pulmonary
Educational status Uneducated 41
Less than 10" Standard 25
10t -12% Standard 31
Degree 13
Postgraduate 4
Family system Nuclear 49
Joint 65
Area of residence Rural 66
Urban 48
Occupation Daily Wage worker 21
Farmer 25
House wife 34
Own employment 10
Private sector 7
Government sector 9
Others 8

The sample size in various phases of the study is given
in Table 2.

Phases | and II: item generation and reduction
Characteristics of the participants involved in phases I
and II are given in Table 3. Initially, the number of items
generated was 40. Several questions were repeated by
more than one discipline due to the carryover of disci-
pline roles; for example, between physiotherapists and
occupational therapists. Items were culled during con-
sensus and the final number of questions was 37 at the
end of phase II.

Phase lll-face validation

The results of the face validity are listed in Table 4. Four
items were removed at the end of this phase due to
inability to reach consensus (the removed items were
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hydration, menstrual hygiene, floor transfer, and money
management). The dissenting profession for hydration
and menstrual hygiene was nursing who were o the opin-
ion that these items must be stand alone. Likewise floor
transfer and money management were considered to
be specifically important by the medical social worker/
other professionals were of the opinion that these
could be just be added under other domains as items to
observe. The overall impression was that the scale was
relatively easy to understand and perform. Eighty-five
percent of the professionals marked all items as relevant
to their patients.

Phase IV-construct validity, concurrent validity, internal
consistency

Only 222 of the 246 responses were complete and there-
fore only these were used for PCA analysis. Initial test-
ing of the 33-item scale derived at the end of phase III,
confirmed that the assumptions for PCA (linearity of
variables and presence of outliers within 2 SD) were met.
Univariate descriptive analysis was done. Inspection of
the correlation matrix revealed that all variables had one
correlation coefficient>0.6. The Kaiser—Meyer—Olkin
measure of sampling adequacy (KMO) analysis was 0.83
which is an adequate limit. Bartlett’s test of sphericity
was significant (p <0.001) which indicated that the corre-
lation between items was favourable and sufficiently large
for PCA. An initial analysis was done by visual inspec-
tion of eigenvalues and scree plot. Six components with
eigenvalues>1 were retained. These factors accounted
for 82.49% of the variance. The results of PCA are given
in Table 5, 6, 7.

A varimax rotation aided interpretability. Values below
0.4 were suppressed in order to remove items that were
poorly correlated with the scale. The component matrix
exhibited a complex structure as five items loaded on
more than one component. Therefore, rotated compo-
nent matrix was computed and cross loadings were no
longer evident. The component matrix showed 32 items
loaded in the respective domains and there was minimal
overlap when values below 0.5 were ignored. The scale
was finalized with 32 items under seven domains (Addi-
tional file 1). One item toileting was removed as the value
was 0.3. The 32-item scale was analyzed for internal con-
sistency using Cronbach’s alpha.

Comparison between the FIM and the relevant items of
the final therapist reported tool are given in Table 8. All
domains had moderate to high correlation.

The internal consistency of the scale is given in
Table 9.

The internal consistency of the all items of the scale
is given in Table 10. As seen from Table 10, Cronbach’s
alpha indicating internal consistency of the scale was
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Table 2 Sample size in various phases of the study
Phase Total
number of
participants
Section |
Phase | (item generation) and phase Il (item reduction) Physiotherapist 7 (3 male, 4 female) 18
Occupational therapist 3 (2 male, 1 female)
Speech language pathologist 2 (1 male. 1 female)
General physician 1 (female)
Registered nurse 3 (1 male, 2 female)
Medical social worker 1 (male)
Clinical psychologist 1 (female)
Phase Ill (Face validation) Face validation 18
Pilot study 30
Phase IV- (Concurrent validity, internal consistency) Factor analysis (PCA) 246
Concurrent validity (ICC) 246
Internal consistency (Chronbach’s alpha) 246
Section Il
Phase V (Forward translation of the questionnaire to target languages) Rating of scale for appropriateness and relevance by 30
participants
Phase VI (Back translation to English and finalization of the tool) Face validation 30
Phase VIl (Evaluation of concurrence between therapist reported, and 30
patient/caregiver reported questionnaire as well as face validation)
Other properties
Time to use 30
Ease of use 30
Appropriateness 30
Table 3 Characteristics of the participants involved in phase | and |l
SL.No Participant Job Role Years of Experience Gender Age in years
1 Physiotherapist 1 Academic 36 Female 58
Clinical 25
Research 23
2 Physiotherapist 2 Academic 10 Male 32
Clinical 6
3 Physiotherapist 3 Clinical 3 Male 28
4 Physiotherapist 4 Clinical 3 Female 28
5 Physiotherapist 5 Student Physiotherapist 1 Female 22
6 Physiotherapist 6 Student Physiotherapist 0 Male 21
7 Physiotherapist 7 Student Physiotherapist 0 Female 21
8 Occupational Therapist 1 Clinical 10 Male 37
Academic 1
9 Occupational Therapist 2 Clinical 3 Female 24
10 Occupational Therapist 3 Clinical 3 Female 26
11 Staff Nurse 1 Head Nurse 14 Male 35
12 Staff Nurse 2 Clinical 2 Female 23
13 Staff Nurse 3 Clinical 3 Female 24
14 Speech Language Pathologist 1 Clinical 5 Male 28
15 Speech Language Pathologist 2 Clinical 5 Female 28
16 General Physician Clinical 10 Female 40
17 Medical Social Worker Social worker 35 Male 30
18 Clinical Psychologist Student Psychologist 1 Female 25
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Table 4 Responses of experts regarding appropriateness of questions during face validation

Question % of participants who % of participants who % of participants who % of participants who % of participants who
rated the question as rated the question as rated the question as rated the question as rated the question as
very appropriate moderately appropriate slightly appropriate not at all appropriate unsure

1 80 20 0 0 0

2 80 10 10 0 0

3 90 10 0 0 0

4 80 20 0 0 0

5 70 30 0 0 0

6 70 20 10 0 0

7 70 20 10 0 0

8 70 30 0 0 0

9 80 20 0 0 0

10 80 20 0 0 0

Il 70 30 0 0 0

12 80 20 0 0 0

13 70 30 0 0 0

14 80 20 0 0 0

15 80 20 0 0 0

16 80 20 0 0 0

17 80 20 0 0 0

18 80 20 0 0 0

19 80 20 0 0 0

20 70 30 0 0 0

21 70 30 0 0 0

22 70 30 0 0 0

23 70 10 20 0 0

24 70 10 20 0 0

25 70 30 0 0 0

26 60 20 20 0 0

27 70 30 0 0

28 70 30 0 0

29 70 30 0 0

30 70 30 0 0

31 70 10 20 0 0

32 70 10 20 0 0

33 40 30 10 10 10

34 40 20 20 20 0

35 30 20 20 20 10

36 40 20 20 20 0

37 30 20 20 20 10

0.956 which is within the acceptable range. When ana-
lysing the alpha if items deleted, it is found that no item
has an alpha value above 0.956 indicating that the scale
is robust in its inclusion if items.

At the end of phase IV, a functional scale with 32
items under various activity and participation domains
were generated. A score of “0” was considered for items
that were not included for testing if the person was not
engaging in that activity due to personal choice. During

meetings, it was decided that this might cause confusion,
and hence it was decided to include a “remarks” column
where raters could mention the constructs that were con-
sidered for each item.

Phase V: forward translation of the questionnaire

to the target languages

Eighty-nine percent of the participants reported
that the contents of each stem in the scale are highly
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Table 5 Component extraction based on eigenvalues
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Total variance explained

Component Initial Eigenvalues Extraction sums of squared loadings Rotation sums
of squared
loadings?

Total % of Variance Cumulative % Total % of Variance Cumulative % Total

1 13.626 43.953 43.953 13.626 43.953 43.953 9.039

2 5.005 16.146 60.100 5.005 16.146 60.100 5.540

3 2.593 8.363 68.463 2.593 8363 68.463 7.579

4 1.697 5474 73.937 1.697 5474 73.937 9.503

5 1512 4.877 78813 1512 4.877 78813 4223

6 1141 3.680 82.493 1141 3.680 82493 5811

7 1.001 2.945 85.549 1316 3.987 82.603 3.260

Extraction Method: Principal Component Analysis

2When components are correlated, sums of squared loadings cannot be added to obtain a total variance

Table 6 Component extraction after varimax rotation

Total variance explained

Component Rotation Sums of Squared Loadings
Total % of Variance Cumulative %

1 6.60 20.01 20.01
2 4.65 14.09 34.11
3 423 12.83 46.94
4 4.05 12.27 59.21
5 3.98 12.05 71.26
6 245 743 78.69
7 227 6.86 85.55

Extraction Method: Principal Component Analysis

relevant and appropriate to the patient. Several words
had to be modified and sentences reframed to aid clar-
ity in both target languages. Another modification was
the addition of examples relevant to everyday life to
aid understanding of the constructs.

Phase VI: back translation to English and finalization

of the tool

The translation was successfully completed with con-
sensus between participants. Minor word choice dif-
ferences were sorted out through discussion and the
translated versions of the Kannada and Malayalam
were finalized.

Phase VII: evaluation of concurrence between therapist
reported, and patient/caregiver reported questionnaire
The ICC values of the professional reported scale and
self-reported scale are given in Table 11.

Except for cognition and communication all domains
had excellent correlations.

Time to complete

Both therapist and patient assessment required no more
than 10 min on average. Patient and caregiver assess-
ments took longer than therapist assessments, however,
time to complete assessments decreased with prac-
tice. The average time to complete the scale for the first
attempt was 9.4+1.8 min for patients/caregivers and
8.7 £ 1.3 min for therapists.

Ease of use of the tool

All the participants reported that 90% of the items on
the scales were very easy to use. The remaining items
required multiple references to the user manual and
could be completed. A vast majority (>80%) of the pop-
ulation in the pilot study expressed satisfaction with the
scale’s clarity, applicability, and relevance (Fig. 2).

Discussion

The development of this tool has focused on assessing
the functional independence of the patient over time.
This conceptual model ensures documenting patients’
ability to participate partially or fully in life situations
that require various functions. Functional independ-
ence has been suggested to be an important aspect of
quality of life. The CROM is a functional scale and does
not consider quality of life but the relationship between
the two is a consideration. [2, 6, 11]. We tried to include
various indicators of the patient’s rehabilitation status
and the amount of caregiving provided by professionals
or family members demonstrating the level of transi-
tion from interdependence to independence throughout
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Table 7 Final list of items under various domains
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Item no Rotated component matrix

Item name

Component/ Domains

Mobility Basic ADL Health

Communication Disposition Continence Cognition

management

1 Outdoors surfaces 0.887
2 Bath bench transfer 0.832
3 Stairs 0.810
4 Toilet transfer 0.794
5 Bed, Chair, Wheel chair from lower 0.784

level to higher level
6 Bed, Chair, Wheel chair from higher 0.762

level to lower level
7 Wheel chair locomotion 0.735
8 Bed, Chair, Wheel chair from same 0.717

level
9 Walk 0.606
10 Eating 0.875
11 Grooming 0.881
12 Bathing (Bucket-Dipper/ shower) 0.772
13 Dressing-Lower body 0.744
14 Dressing-Upper body 0.724
15 Nutrition & hydration 0.920
16 Hygiene 0.858
17 Skin integrity 0.829
18 Attention to safety 0.720
19 Medication management 0.691
20 Expression 0.891
21 Articulation and Intelligibility 0.876
22 Voice 0.844
23 Comprehension 0814
24 Attitude 0.883
25 Adjustment 0.872
26 Reintegration 0.865
27 Work Planning 0.822
28 Bladder management 0.774
29 Bowel management 0.762
30 Memory 0.838
31 Problem Solving 0.739
32 Social Interaction 0.621

Extraction Method: Principal Component Analysis, Rotation Method: Varimax with Kaiser Normalization, a. Rotation converged in 7 iterations

rehabilitation from admission to community re-entry
using the functional outcome measures. This transition
is necessary to be captured by functional scales [9, 17,
32, 65, 80].

Comprehensive Rehabilitation Outcome Measure-
ment Scale (CROMS) was developed as an interdiscipli-
nary venture of PTs, OTs, SLTs, CP, MSW, MD, and RNs
by compiling specific components to be measured and
recorded during the rehabilitation process. This scale

attempted to overcome the difficulties of cultural com-
patibility, cost, and comprehensiveness in currently used
scales [7, 12, 40]. The rationale for some of the additional
areas included in CROMS is as follows.

In low and middle-income countries, a significant
part of the workplace or the community consists of
uneven terrain to do their daily functional and voca-
tional work [23]. The cumulative experience of profes-
sionals who have worked with these patients guided the
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Table 8 Comparison between the FIM and the relevant items of
the final therapist reported tool

Domain Interclass 95% Confidence interval
correlation
co-efficient Lower bound Upper bound
Health manage- 0.91 0.85 097
ment
Basic ADL 0.85 0.84 0.96
Continence 0.99 0.89 0.99
Mobility 0.97 0.92 0.99
Communication 0.81 0.64 097
Cognition 0.93 0.84 0.97
Disposition 0.81 0.79 091

Table 9 Internal consistency of the final therapist reported scale

Component Cronbach’s
Alpha
Health management 0.936
Basic ADL 0.944
Continence 0911
Mobility 0.879
Communication 0923
Cognition 0.961
Disposition 0.921

identification of the missing components from existing
scales. Adding this item in the domain of locomotion
was unanimously approved.

Health management was a domain that was deemed
necessary to add to the scale. This domain consisted
of clothing hygiene, hand washing, oral hygiene, and
awareness of personal hygiene. This was added as these
areas are also considered as functional tasks. Poor
attention to hygiene can cause social isolation and dete-
rioration in health.

The team members recommended considering an
individual’s skin inspection, changing position in a
timely manner, and identifying objects or surfaces that
can breach the skin. Skin integrity is important in func-
tional independence as it has been reported that lapses
can lead to physical, psychological, and economic bur-
den to the patients and their families [37].

The item generation team identified this item as an
important aspect of functioning. Attention to a healthy
diet and hydration were therefore added to the scale
(10, 13, 78].

Most patients will have regular medication to be taken
at scheduled intervals. The team involved in item gen-
eration believed that the patient’s/ caretakers must be

Page 11 of 17

independent in the appropriate management of pre-
scribed medications and hence this item was added to
the scale. This fact has been reported in literature as well
[35, 77].

All the members were of the opinion that the addi-
tion of these items was essential. It is clinically correlated
that if the patient or caretakers do not take the necessary
steps to identify the safety parameters, it can lead to a
negative effect on the patient [71].

Another domain that was identified by the team mem-
bers is scoring of functioning once the patient is outside
the sheltered care. It was evident from the previous stud-
ies that there is a significant change in the patient’s func-
tional status in the community due to the mismatch of
capacity and actual performance [36, 58, 58, 59, 59]. So
adding an item of reintegration was considered.

In the attitude of the individual, his or her attitude
towards his or her disability and attitude of family or
friends are important determinants of reintegration [29].
Due to a change in the individual’s functional capac-
ity after the trauma or disease, the person may have to
compromise in certain areas. This can have an effect on
house, place of work, vehicle used, and other areas of
functioning.

After a disability, the patient and caregivers need to
adjust to new ways of performing work. It is noted that
the majority of the patients will be unable to return to
the same job especially those engaged in manual labor.
Therefore, a plan for new employment which was accept-
able to the patient was considered to be necessary. So it
was decided to add this item as ‘work planning’

The team also noted that there should be an item on
readjustment to the community. It is noted that an indi-
vidual often needed to learn new skills to adjust to the
new reality. The carry-over of the newly learned skills
from the institution to the community is an important
aspect of re-entry. Therefore, this was considered as an
item.

Items such as hydration, menstrual hygiene, floor
transfer, and money management after consensus. The
hydration was added as a part of nutrition, and they have
combined as hydration and nutrition. The menstrual
hygiene was a separate entity, and it was removed later as
it is a part of general hygiene. Floor transfer was removed
because the transfer from upper to lower position was
already added to avoid duplication. Money management
was removed as it may not be appropriate for all the
patients (patients from rural areas and older adults may
not deal with money management).

Without any further training, a vast majority (>80%) of
the population in our pilot study expressed satisfaction
with the scale’s clarity, applicability, and relevance (Fig. 2).
This shows that the CROM can be administered with



Rashid et al. Health and Quality of Life Outcomes

Table 10 Internal consistency of the scale including all items
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Reliability statistics

Cronbach’s alpha

Number of items

0.956

32

Item total statistics

Scale mean if item deleted

Scale variance if item

Corrected item-total

Cronbach’s Alpha

deleted correlation if item deleted
Hygiene 146.70 1247336 0.584
Skin integrity 146.68 1239.222 0576
Nutrition & hydration 146.48 1253.073 0.585
Medication management 146.57 1244109 0.609
Attention to safety 147.11 1222518 0.765
Eating 145.79 1228.032 0.662
Grooming 145.95 1213.724 0.752
Bathing (bucket & dipper/ shower) 146.64 1204.050 0.772
Dressing-upper body 146.72 1206.605 0.748
Dressing-lower body 146.88 1186.178 0.776
Toileting 147.54 1190.971 0.774
Bladder management 147.99 1210415 0.542
Bowel management 147.00 1227.986 0.558
Bed, chair, wheel chair from higher level to lower level 147.67 1197.125 0.783
Bed, chair, wheel chair from same level 147.20 1204.474 0.768
Bed, chair, wheel chair from lower level to higher level 147.98 1191.991 0.764
Toilet transfer 147.70 1202.423 0.728
bath transfer 147.63 1206618 0.732
Walk 147.95 1193.778 0.719
Wheel chair locomotion 148.12 1203.593 0.573
Stairs 149.76 1242.044 0.533
Outdoors surfaces 149.55 1227.572 0.579
Comprehension 14534 1256416 0439
Expression 14548 1250.324 0425
Voice 145.25 1251.604 0488
Articulation and intelligibility 14543 1253.205 0458
Social interaction 145.55 1239.737 0.541
Problem solving 145.82 1236.469 0.506
Memory 145.46 1267.793 0337
Attitude 146.63 1250436 0.595
Adjustment 146.78 1236.272 0.658
Work planning 146.98 1241.178 0.596

the help of a training manual without any specific train-
ing. Additionally, the types of patients in the pilot study
consisted of neurological, orthopedic, and other disabili-
ties. Hence, it can be cautiously suggested that the scale
applies to varying types of diseases. The concurrent valid-
ity of the newly developed tool was performed by corre-
lating with the relevant components of FIM, as the scale
has considered the background of FIM. The good corre-
lation achieved; was expected as the general scoring and

items were similar between CROMS and FIM. The good
concurrent validity may be taken as justification for the
ability of this scale to capture the relevant constructs [44].

In the second section of the study, the patient-reported
questionnaire was developed in two languages as the
objective of the study is to have a comprehensive meas-
ure consisting of both the patient and therapist reported
scores. A large number (>80%) of the patients reported
that questions were relevant. From the previous studies,
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Table 11 Association between

patient reported tools

professional reported and

Domain Interclass 95% Confidence interval
correlation
co-efficient Lower bound Upper bound
Health manage- 0.91 0.87 097
ment
Basic ADL 0.95 0.80 0.98
Continence 0.99 0.99 0.99
Mobility 091 0.81 097
Communication 0.77 0.52 0.89
Cognition 0.64 0.51 0.84
Disposition 0.81 0.75 092
90
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Fig. 2 The result of the pilot study

it is evident that if a tool that is generated suggests more
than 60% of content validity, it can be considered as a
good tool [21].

At the end of item generation, we had classified the
items into seven domains. This was confirmed after
PCA. Toileting was removed due to poor correlation
with other items on the scale. We hypothesise that
this could be because of the overlap with toilet trans-
fers, bladder and bowel management. Comparison with
existing scales was not possible for all domains as we
could not find comparable tools for several items. Fur-
ther validation must be undertaken in the future for
these items and new domains (health management,
reintegration, work planning). We included a domain
“other specific” to include any items that may be spe-
cific to a condition of a patient such as return to work in
a modified manner and the biomechanical and attitude
adjustments required, working in areas not accessible
to wheelchair like rice paddies, where the person would
have to transfer to a particular form of mobility device
like a wheeled platform close to the ground. We did not
analyze this item as the responses were heterogeneous.
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We anticipate that over time, this particular domain
may be useful for item generation for specific groups of
the population.

This scale considers only performance and does not
consider the quality of function. Poor quality can result
in increased time required for performance and greater
errors. Thus, poor quality of functional performance may
force patients to rely on caregivers increasing dependent.
Work planning is not a homologous entity and requires
varying levels of functions. Hence the score on this item
must be interpreted with caution. We suggest that this
score be used as a starting point to explore reasons for
difficulty with work. The same is the case with reintegra-
tion which may be varying in nature over time. These
items must be taken only as a guide and not as a defini-
tive score.

The scale was developed using very exhaustive meth-
ods over four years and several iterations with a variety
of health care professionals and we consider this to be a
major strength of this study. The patient-reported com-
ponent is a necessary addition and responses received
for these may be useful in the future for setting goals.
Another strength is the addition of domains related to
“Activity and Participation” aspects as defined in ICF.
These domains are frequently the main goals of rehabili-
tation in low and middle-income countries where acces-
sible environments may not be commonly encountered
[30, 49]. Personal choice or autonomy has been consid-
ered as the cornerstone of functional performance in this
scale, for example while scoring dressing and grooming.
In rural areas of India changing the type of clothing and
grooming (like short hair) are often considered as an
unacceptable modification and hence may be considered
as a “disability”. These aspects have been taken into con-
sideration in the scoring rubric.

The development of the scoring rubric was decided
during the course of several meetings. Items were also
removed after consensus. These are swallowing, money
management, house cleaning and were removed as they
were considered as part of other items like eating, prob-
lem-solving, and work reintegration.

This scale is a functional assessment tool which is
thought to measure patients rehabilitation status and not
a screening or imaging or laboratory investigations or
tool. The scale is useful only for outcome evaluation for
rehabilitation professionals and for goals setting and is in
no way intended as a tool to measure or diagnose health
conditions. Scores must be correlated with relevant
investigations and clinical examination to form a basis for
intervention.

Correlation between patient-reported and therapist
reported showed variability in communication and cog-
nition. This was expected due to different expectations
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of patients. It has been documented that Indians tend to
have expectations of complete recovery despite informa-
tion from medical professionals to the contrary.

We have done preliminary factor analysis on the
patient-reported scale and it showed similar factorization
as the therapist-reported counterpart. However, this find-
ing is not conclusive due to the small number of data that
we were able to use from the patient-reported responses.
Many caregivers were used to help the patients, and were
not able to dissociate from caregiving, to enable their
wards to perform functions independently and thus com-
plete the tool appropriately. One of the possible reasons
could be that the caregivers were predominantly female
spouses and due to cultural reasons they were bound to
care for their husbands or family elders and had limited
authority over their wards [72].

Most of the responses received were from caregiv-
ers rather than patients. A large number of responses
received from caregivers were non-usable as many items
were left unfilled or noted as not relevant. The usable
responses were from caregivers of patients with neuro-
logical disabilities. That may be one of the reasons for the
correlation achieved between patient-reported and thera-
pist reported. The sample size of 30 usable responses was
adequate as this is a preliminary study [5]. The homoge-
neity inpatient presentations limit the generalisation of
the patient-reported component to individuals with neu-
rological disabilities (Additional file 1).

This scale was conceived using the personal autonomy
model of function and hence those items considered nec-
essary by the patient alone can be considered for scoring.
This is different from existing scales which have defined
commonly used methods of performing activities for
scoring. Some of these definitions do not match the ways
that functions are performed in the Global South. Hence
we believe that this scale is more versatile in its reach.

Limitations and future directions

Some of the limitations noted in the study are as follows.
Item generation was performed using Delphi method
which has inherent limitations of individual bias. Moreo-
ver, in a Delphi meeting, there is a possibility that stronger
persons may influence members who might be undecided.
The authors acknowledge this fact. Patients are care giv-
ers were not involved in the item generation phase. This
would be a future direction to strengthen this scale.

The data were collected in one center and this could
be a potential limitation. However, the center is a ter-
tiary referral rehabilitation center catering to four
adjoining districts with a total population of 6.5 mil-
lion and we suggest that the data can therefore be
considered as representative of this region. Moreover,

Page 14 of 17

participants consisted of both urban and rural popu-
lace. A potential limitation is that the center has pre-
dominantly neurological rehabilitation patients and
there is not a comparable representation of other kinds
of disabilities. Future research must take into account
the differing requirements of persons with varying
functional requirements.

There was bias in the sample towards adults with neu-
rological disabilities, excluding movement disorders and
neurodegenerative conditions. The applicability of this
tool for such patients is currently unknown. Although
persons with orthopedic, general debility and cardio-
pulmonary diseases were also included in thE study the
numbers may not have been adequate. This must be fur-
ther studied. Likewise, the relevance to senior citizens
and children and adolescents must be explored.

This is the preliminary report of the development
and initial validation of the scale. Adequate informa-
tion of its application to individual patients has not
been undertaken. Further longitudinal data collection is
underway at our centre and future research will address
the application of the scale to individual groups of peo-
ple. Also planned is analysis of the discriminative abil-
ity of the tool for patients with differing diagnoses. This
tool is meant for LMIC and further collaborative work
with other countries is foreseen to evaluate the valid-
ity of the scale in other countries and societies. The
floor and ceiling effects, MCID and other psychometric
properties of the CROM must be ascertained in future
research.

Conclusion

From this study, we suggest that CROM is a tool that can
potentially be used to evaluate functional independence
of a variety of patient populations with predominantly
neurological dysfunction both by professionals and
patients themselves. Further work is required to validate
the tool for specific patient populations.

Abbreviations

ICF: International classification of functioning, disability, and health; PT: Physi-
otherapist; OT: Occupational therapist; SLP: Speech language pathologist; CP:
Clinical psychologist; MSW: Medical social worker; RN: Registered nurse; MD:
Medical doctor; FIM: Functional independence measure; MRS: Modified rankin
scale; CROMS: Comprehensive rehabilitation outcome measurement scale;
SCI: Spinal cord injury; TBI: Traumatic brain injury; HI: Head injury.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512955-022-02048-z.

Additional file 1. Therapist reported version of the comprehensive reha-
bilitation outcome measurement scale (CROM).



https://doi.org/10.1186/s12955-022-02048-z
https://doi.org/10.1186/s12955-022-02048-z

Rashid et al. Health and Quality of Life Outcomes (2022) 20:160

Acknowledgements

Staff and management of JSS Physical Medicine and Rehabilitation center. We
would like to acknowledge Mr. Uthamraj, and Mr. Shivu for their contribution
during the data collection period.

Author contributions

MR: Conceptualization, Data Collection, Data Analysis, Preparation of the draft.
SPH: Conceptualization, Data Collection, Preparation of the draft. AKA: Data
Collection. JM: Conceptualization, Revision of the Manuscript. KR: Develop-
ment of the tool, Conceptualization, Revision of the Manuscript. All authors
read and approved the final manuscript.

Funding
This was a self-funded study.

Availability of data and materials

Data and materials used in the study of this manuscript are available from
the corresponding author upon request. The complete user manual and the
patient reported version of the scale can be obtained from the author upon
request. The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was reviewed and approved by the institutional review
board (JSSCPT_IRB_06/06/2019). The consent was obtained from the partici-
pants before the commencement of the study

Competing interests
The authors declare that they have no competing interests.

Author details

1JSS College of Physiotherapy, Mysuru 570004, India. 2University of Otago,
Dunedin, New Zealand. *St. Benedicts College of Physiotherapy, Bangalore,
India.

Received: 19 November 2021 Accepted: 15 September 2022
Published online: 01 December 2022

References

1. Agarwal B, Aglawe D, Sawant B. Physical function assessment tools in the
intensive care unit: a narrative review. Crit Rev. 2022;34(1):55.

2. Barskova T, Wilz G. Interdependence of stroke survivors'recovery and their
relatives’attitudes and health: a contribution to investigating the causal
effects. Disabil Rehabil. 2007;29(19):1481-91.

3. Baumann LA, Baker J, Elshaug AG. The impact of electronic health record
systems on clinical documentation times: a systematic review. Health
Policy. 2018;122(8):827-36.

4. Boateng GO, Neilands TB, Frongillo EA, Melgar-Quifionez HR, Young SL.
Best practices for developing and validating scales for health, social, and
behavioral research: a primer. Front Public Health. 2018,;6(149):555.

5. Bujang MA. A simplified guide to determination of sample size require-
ments for estimating the value of intraclass correlation coefficient: a
review. Arch Orofac Sci. 2017;12:1-11.

6. Cardol M, Jong BD, Ward CD. On autonomy and participation in rehabili-
tation. Disabil Rehabil. 2002;24(18):970-4.

7. Chiarotto A, Ostelo RW, Boers M, Terwee CB. A systematic review high-
lights the need to investigate the content validity of patient-reported
outcome measures for physical functioning in patients with low back
pain. J Clin Epidemiol. 2018;95:73-93.

8. ChoiJH, Miyamoto Y, Ryff CD. A cultural perspective on functional limita-
tions and well-being. Pers Soc Psychol Bull. 2020;46(9):1378-91.

9. Clapton J, Kendall E. Autonomy and participation in rehabilitation: time
for a new paradigm? Disabil Rehabil. 2002;24(18):987-91.

10. Diekmann R, Wojzischke J. The role of nutrition in geriatric rehabilitation.
Curr Opin Clin Nutr Metab Care. 2018;21(1):14-8.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Page 150f 17

. Dunn D.The social psychology of disability. Oxford: Oxford University

Press; 2014.

Fischer R, Poortinga YH. Addressing methodological challenges in
culture-comparative research. J Cross Cult Psychol. 2018;49(5):691-712.
Frost JC, Baldwin AJ."Food for thought”: the importance of nutrition

to patient care and the role of the junior doctor. Clin Med (Lond).
2021;21(3):272-4.

George D, Mallery P. IBM SPSS statistics 26 step by step: a simple guide
and reference. London: Routledge; 2019.

Gerrard P, Goldstein R, DiVita MA, Ryan CM, Mix J, Niewczyk P, Schneider
JC. Validity and reliability of the FIM instrument in the inpatient burn
rehabilitation population. Arch Phys Med Rehabil. 2013;94(8):1521-1526.
e1524. https://doi.org/10.1016/j.apmr.2013.02.019.

Glenny C, Stolee P. Comparing the functional independence measure
and the interRAI/MDS for use in the functional assessment of older
adults: a review of the literature. BMC Geriatr. 2009;9:52-52.
Gooden-Ledbetter MJ, Cole MT, Maher JK, Condeluci A. Self-efficacy

and interdependence as predictors of life satisfaction for people with
disabilities: implications for independent living programs. J Vocat Rehabil.
2007,27(3):153-61.

Granger CV, Hamilton BB, Linacre JM, Heinemann AW, Wright BD. Perfor-
mance profiles of the functional independence measure. Am J Phys Med
Rehabil. 1993;72(2):84-9.

Greenhalgh J, Long AF, Flynn R, Tyson S.”It's hard to tell”: the challenges
of scoring patients on standardised outcome measures by multidisci-
plinary teams: a case study of neurorehabilitation. BMC Health Serv Res.
2008;8(1):217.

Hader M. Delphi-Befragungen: Ein Arbeitsbuch. Berlin: Springer; 2009.
Halek M, Holle D, Bartholomeyczik S. Development and evaluation of the
content validity, practicability and feasibility of the Innovative dementia-
oriented assessment system for challenging behaviour in residents with
dementia. BMC Health Serv Res. 2017;17(1):554.

Harada A, Kawai N, Ogawa T, Hatakeyama T, Tamiya T. Long-term multi-
disciplinary rehabilitation efficacy in older patients after traumatic brain
injury: assessed by the functional independence measure. Acta Med
Okayama. 2021;75(4):479-86.

Hawkins KA, Clark DJ, Balasubramanian CK, Fox EJ. Walking on uneven
terrain in healthy adults and the implications for people after stroke.
Neuro Rehabil. 2017;41(4):765-74.

Hawkins RJ. Recommendations for evaluating and selecting appropri-
ately valued outcome measures. Instr Course Lect. 2016;65:587-91.
Hepworth LR, Rowe FJ. Using Delphi methodology in the development of
a new patient-reported outcome measure for stroke survivors with visual
impairment. Brain Behav. 2018;8(2):e00898.

Hsueh IP, Lin JH, Jeng JS, Hsieh CL. Comparison of the psychometric char-
acteristics of the functional independence measure, 5 item Barthel index,
and 10 item Barthel index in patients with stroke. J Neurol Neurosurg
Psychiatry. 2002;73(2):188-90.

Jette AM, Haley SM, Ni P. Comparison of functional status tools used in
post-acute care. Health Care Financ Rev. 2003;24(3):13-24.

Jorm AF. Using the Delphi expert consensus method in mental health
research. Aust N Z J Psychiatry. 2015,49(10):887-97. https://doi.org/10.
1177/0004867415600891.

Kashif M, Jones S, Darain H, Iram H, Raqib A, Butt AA. Factors influencing
the community integration of patients following traumatic spinal cord
injury: a systematic review. J Pakistan Med Assoc. 2019;69(9):1337-43.
Kett M, Cole E, Turner. Disability, mobility and transport in low- and
middle-income countries: a thematic review. Sustainability. 2020;12:589.
https://doi.org/10.3390/su12020589.

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. 2016;15(2):155-63.
Kushner DS, Peters KM, Johnson-Greene D. Evaluating use of the Siebens
Domain Management Model during inpatient rehabilitation to increase
functional independence and discharge rate to home in stroke patients.
PM&R. 2015;7(4):354-64.

Kinney LC. Standardization of interdisciplinary clinical practice and assess-
ment in stroke rehabilitation. Int J Phys Med Rehabil. 2013;01(08):5558.
Lamper C, Beckers L, Kroese M, Verbunt J, Huijnen I. Interdisciplinary care
networks in rehabilitation care for patients with chronic musculoskeletal
pain: a systematic review. J Clin Med. 2021;10(9):2041.


https://doi.org/10.1016/j.apmr.2013.02.019
https://doi.org/10.1177/0004867415600891
https://doi.org/10.1177/0004867415600891
https://doi.org/10.3390/su12020589

Rashid et al. Health and Quality of Life Outcomes

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

(2022) 20:160

Lau D, Kasper J, Hauser J, Berdes C, Chang C-H, Berman R, Masin-Peters
J, Paice J, Emanuel L. "Family caregiver skills in medication manage-
ment for hospice patients: a qualitative study to define a construct. J
Gerontol Ser B Psychol Sci Soc Sci. 2009;64:799-807.

Laukkanen P, Leskinen E, Kauppinen M, Sakari R, Heikkinen E. Health
and functional capacity as predictors of community dwelling among
older people. J Clin Epidemiol. 2000;53:257-65.

Lichterfeld-Kottner A, El Genedy M, Lahmann N, Blume-Peytavi U,
Buscher A, Kottner J. Maintaining skin integrity in the aged: a system-
atic review. Int J Nurs Stud. 2020;103:103509.

Liu P, Lyndon A, Holl JL, Johnson J, Bilimoria KY, Stey AM. Barriers and
facilitators to interdisciplinary communication during consultations: a
qualitative study. BMJ Open. 2021;11(9):e046111.

Lorkowski J, Maciejowska-Wilcock I, Pokorski M. Overload of medical
documentation: a disincentive for healthcare professionals. Med Res
Innov. 2021;2:1-10.

Maher C, Latimer J, Costa L. The relevance of cross-cultural adaptation
and clinimetrics for physical therapy instruments. Revista Brasileira de
Fisioterapia. 2007;11(4):7788.

. Mayo-Wilson E, Fusco N, Li T, Hong H, Canner JK, Dickersin K. Multiple

outcomes and analyses in clinical trials create challenges for interpre-
tation and research synthesis. J Clin Epidemiol. 2017,86:39-50.
Momsen AM, Rasmussen JO, Nielsen CV, Iversen MD, Lund H. Multidis-
ciplinary team care in rehabilitation: an overview of reviews. J Rehabil
Med. 2012;44(11):901-12.

Moore JL, Potter K, Blankshain K, Kaplan SL, O'Dwyer LC, Sullivan JE. A
core set of outcome measures for adults with neurologic conditions
undergoing rehabilitation: a clinical practice guideline. J Neurol Phys
Ther. 2018;42(3):174.

Murphy KR, Davidshofer CO. Psychological testing. London: Englewood
Cliffs; 1988.

Niederberger M, Spranger J. Delphi technique in health sciences: a
map [Methods]. Front Public Health. 2020. https://doi.org/10.3389/
fpubh.2020.00457.

O'Sullivan SB, Schmitz TJ, Fulk G. Physical rehabilitation. New York: FA
Davis; 2019.

Organization, W. H. (2007). International classification of functioning,
disability, and health: children & youth version: ICF-CY, World Health
Organization.

Pantaleon L. Why measuring outcomes is important in health care. J
Vet Intern Med. 2019;33(2):356-62.

Parnes P, Cameron D, Christie N, Cockburn L, Hashemi G, Yoshida K.
Disability in low-income countries: issues and implications. Disabil
Rehabil. 2009;31(14):1170-80. https://doi.org/10.1080/0963828090
2773778.

Pathak A, Sharma S, Jensen MP. The utility and validity of pain intensity
rating scales for use in developing countries. Pain Rep. 2018;3(5):e672.

. Portney LG, Watkins MP. Foundations of clinical research: applications

to practice. London: Pearson/Prentice Hall; 2009.

Portney LG, Watkins MP. Foundations of clinical research: applications
to practice. New York: Pearson; 2013.

Quinn TJ, Dawson J, Walters MR, Lees KR. Reliability of the modified
Rankin Scale: a systematic review. Stroke. 2009;40(10):3393-5.

Raja K, Girish S, Gupta S, Mathew J, Ganasan V. Assessment battery for
children with developmental coordination disorder (ABCD): prelimi-
nary report of tool development and clinical application. J Pediatric
Rehabil Med. 2018;11(3):175-85.

Raja K, Gupta S, Mathew J, Rao P. Development of training manuals for
community disability workers. Physiother J Indian Assoc Physiother.
2020;14(1):37.

Raja K, Mathew J, Bista B. Generic work capacity assessment tool for
working conditions in India: Preliminary results of development and
standardization. Int J Health Allied Sci. 2017;6(2):99-99.

Rantz MJ, Popejoy L, Zwygart-Stauffacher M, Wipke-Tevis D, Grando
VT. Minimum data set and resident assessment instrument can using
standardized assessment improve clinical practice and outcomes of
care? J Gerontol Nurs. 1999;25(6):35-43 (quiz 54-35).

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 16 of 17

Rashid M, Mathew J, Raja K. Alteration in ankle kinematics during
uneven surface ambulation in stroke survivors: an exploratory observa-
tional study. Int J Health Allied Sci. 2020;9(3):263.

Rashid M, Mathew J, Raja K. Stance phase kinematics in ankle joint during
ambulation on uneven surface: a comparison between stroke survivors
and typical adults. Disabil CBR Incl Dev. 2020;31(3):668.

Rathore FA, Arif A. The impact of interdisciplinary spinal cord injury
rehabilitation on improving neurological outcomes. Los Angeles: SAGE
Publications Sage; 2021. p. 817-8.

Raty S, Aromaa A, Koponen P. Measurement of physical functioning in
comprehensive national health surveys-ICF as a framework National Pub-
lic Health Institute, KTL. Department of Health and Functional Capacity
(2003).

Ravaud JF, Delcey M, Yelnik A. Construct validity of the functional inde-
pendence measure (FIM): questioning the unidimensionality of the scale
and the "value” of FIM scores. Scand J Rehabil Med. 1999;31(1):31-41.
Rogers JC, Green Gwinn SM, Holm MB. Comparing activities of daily living
assessment instruments: FIM™, MDS, OASIS, MDS-PAC. Phys Occup Ther
Geriatr. 2001;18(3):1-25.

Shultz S, Olszewski A, Ramsey O, Schmitz M, Wyatt V, Cook C. A systematic
review of outcome tools used to measure lower leg conditions. Int J
Sports Phys Ther. 2013;8(6):838-48.

Spier ET. 45 - Community reentry. In: Eapen BC, Cifu DX, editors. Brain
injury medicine. St. Louis (MO): Elsevier; 2021. p. 294- 298.e292.

Stewart D, Gibson-Smith K, MacLure K, Mair A, Alonso A, Codina C, Citta-
dini A, Fernandez-Llimos F, Fleming G, Gennimata D, Gillespie U, Harrison
C, Junius-Walker U, Kardas P, Kempen T, Kinnear M, Lewek P, Malva J, McIn-
tosh J, Scullin C, Wiese B. A modified Delphi study to determine the level
of consensus across the European Union on the structures, processes and
desired outcomes of the management of polypharmacy in older people.
PLoS ONE. 2017;12(11):e0188348.

Streiner DL. Starting at the beginning: an introduction to coefficient
alpha and internal consistency. J Pers Assess. 2003;80(1):99-103.

Stucki G, Ewert T, Cieza A. Value and application of the ICF in rehabilita-
tion medicine. Disabil Rehabil. 2002;24(17):932-8.

Taber KS. The use of Cronbach’s Alpha when developing and

reporting research instruments in science education. Res Sci Educ.
2018;48(6):1273-96.

Teasell R, Salbach NM, Foley N, Mountain A, Cameron JI, Jong AD, Acerra
NE, Bastasi D, Carter SL, Fung J. Canadian stroke best practice recommen-
dations: rehabilitation, recovery, and community participation following
stroke. Part one: rehabilitation and recovery following stroke; Update
2019. Int J Stroke. 2020;15(7):763-88.

Tyson BT, Pham MT, Brown NT, Mayer TR. Patient safety considerations in
the rehabilitation of the individual with cognitive impairment. Phys Med
Rehabil Clin N Am. 2012;23(2):315-34.

Ugargol AP, Bailey A. Family caregiving for older adults: gendered roles
and caregiver burden in emigrant households of Kerala, India. Asian
Popul Stud. 2018;14(2):194-210. https://doi.org/10.1080/17441730.2017.
1412593.

van der Putten JJ, Hobart JC, Freeman JA, Thompson AJ. Measuring
change in disability after inpatient rehabilitation: comparison of the
responsiveness of the Barthel index and the Functional Independence
Measure. J Neurol Neurosurg Psychiatry. 1999;66(4):480—4.

Velentgas P, Dreyer NA, Nourjah P, Smith SR, Torchia MM (2013) AHRQ
methods for effective health care. Developing a Protocol for Observa-
tional Comparative Effectiveness Research: A User’s Guide. . Rockville
(MD), Agency for Healthcare Research and Quality (US)

Copyright © 2013, Agency for Healthcare Research and Quality.
Waggoner J, Carline JD, Durning SJ. Is there a consensus on consensus
methodology? Descriptions and recommendations for future consensus
research. Acad Med. 2016;91(5):663-8.

Wagle KC, Skopelja EN, Campbell NL. Caregiver-based interventions to
optimize medication safety in vulnerable elderly adults: a systematic
evidence-based review. J Am Geriatr Soc. 2018;66(11):2128-35.
Wakabayashi H. Rehabilitation nutrition in general and family medicine. J
Gen Fam Med. 2017;18(4):153-4.


https://doi.org/10.3389/fpubh.2020.00457
https://doi.org/10.3389/fpubh.2020.00457
https://doi.org/10.1080/09638280902773778
https://doi.org/10.1080/09638280902773778
https://doi.org/10.1080/17441730.2017.1412593
https://doi.org/10.1080/17441730.2017.1412593

Rashid et al. Health and Quality of Life Outcomes

79.

80.

81.

(2022) 20:160

Wells JL, Egan M, Byrne K, Jaglal S, Dumbrell AC, Stolee P. Uses of the
national rehabilitation reporting system: perspectives of geriatric rehabili-
tation clinicians. Can J Occup Ther. 2009;76(4):294-8.

White GW, Lloyd Simpson J, Gonda C, Ravesloot C, Coble Z. Moving

from independence to interdependence: a conceptual model for better
understanding community participation of centers for independent liv-
ing consumers. J Disabil Policy Stud. 2010;20(4):233-40.

Yang W, Houtrow A, Cull DS, Annaswamy TM. Quality and outcome
measures for medical rehabilitation. Braddom's Phys Med Rehabil.
2021;100-114:2102.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Comprehensive rehabilitation outcome measurement scale (CROMS): development and preliminary validation of an interdisciplinary measure for rehabilitation outcomes
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Section 1: development of therapist reported questionnaire
	Phase I-item generation
	Phase II-item reduction
	Phase III-face validation
	Phase IV-construct validity, concurrent validity

	Section 2: development of the patient-reported questionnaire
	Phase V- forward translation of the questionnaire to target languages
	Phase VI- back translation to English and finalization of the tool
	Phase VII- evaluation of agreement between therapist reported, and patientcaregiver reported questionnaire as well as face validation

	Other properties of the scale
	Time to complete and ease of use


	Data synthesis and analysis
	Results
	Phases I and II: item generation and reduction
	Phase III-face validation
	Phase IV-construct validity, concurrent validity, internal consistency
	Phase V: forward translation of the questionnaire to the target languages
	Phase VI: back translation to English and finalization of the tool
	Phase VII: evaluation of concurrence between therapist reported, and patientcaregiver reported questionnaire
	Time to complete
	Ease of use of the tool

	Discussion
	Limitations and future directions
	Conclusion

	Acknowledgements
	References


