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Background: Transfers are very important in functional activities of subjects with spinal cord injury (SCI).
The transfer assessment instrument (TAI) was the ¯rst tool to standardize the assessment of transfer
technique.
Objective: The purpose of this study was to establish the reliability and validity of TAI 3.0 in people with
SCI in early rehabilitation phase.
Methods: Thirty subjects with acute traumatic SCI were recruited from a tertiary care center for SCI
management. Four raters assessed the quality of transfer using TAI 3.0 and a ¯fth rater used global as-
sessment of transfer scale (VAS). TAI 3.0's intraclass correlation coe±cient (ICC) for intrarater and inter-
rater reliability, standard error of measurement (SEM), minimal detectable change (MDC), limits of
agreement and concurrent validity was determined.
Results: The intrarater ICC was 0.93 to 0.98 and interrater ICC was 0.99, indicating high levels of reliability.
The SEMs among the raters for TAI 3.0 total was from 0.23 to 0.28. The MDC among the raters TAI 3.0 total
was from 0.54 to 0.86. Correlation for di®erent raters between the TAI 3.0 and VAS ranged between 0.88
and 0.90.
Conclusion: TAI 3.0 is a reliable and valid tool to assess the transfer skill in individuals with SCI in early
rehabilitation phase.
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Introduction

Wheelchairs are the primary mode of mobility in
individuals with spinal cord injury (SCI). The
transfers are vital in performing activities of daily
living in wheelchair users. A transfer is considered
as a movement of oneself from one surface to an-
other in one direction. If a full-time wheelchair user
is unable to transfer, or transfers become more
di±cult, the individual's quality of life may be
further a®ected.1

Transfers often cause excessive loading of the
arms. This may lead to upper extremity pain and
injuries, such as rotator cu® tears, elbow pain, and
carpal tunnel syndrome.2 The transfers may also
place joints of upper limb in extreme positions and
expose to high internal joint forces. Therefore, it
seems that prevention may be critical in reducing
upper limb pain and overuse injuries. Learning the
transfer methods that reduces forces and awkward
joint motions is an important strategy for prevent-
ing impairments in upper limbofwheelchair users.3,4

There is a wide variation in the amount and the
type of transfer training and no uniform way to
evaluate transfer quality in early stage of rehabil-
itation after SCI. Observation by a therapist and
qualitative assessment was the standard method of
evaluating transfers. Therefore, McClure et al. de-
veloped a tool called transfer assessment instru-
ment (TAI) to assess the quality of transfer in full-
time wheelchair users. It is a safe and easy tool to
administer outcome measure to assess transfers in
wheelchair users. It was found to have an accept-
able interrater and intrarater reliability.5 Tsai
et al., introduced the re¯ned TAI version 3.0. It
was found to have high reliability (0.74 to 0.88)
among raters of di®erent clinical backgrounds and
experience in people using wheelchairs for more
than a year.6

In early stage of rehabilitation following SCI,
transfer evaluations are not done objectively and in
a consistent manner. The transfer assessment can
be in°uenced by the subjective experience of the
therapists. It may lead to less accurate evaluations
and variability in transfer skill assessment. TAI
was the ¯rst tool to standardize the evaluation of
transfer technique. The items included in the TAI
were based on clinical practice guidelines, available
information on literature, and best clinical prac-
tices for transfers.5 There is a lack of valid assess-
ment tool to evaluate transfers in early stage
of rehabilitation following SCI. Therefore, the
purpose of this study was to establish the reliability

and validity of TAI 3.0 in people with SCI in early
stage of rehabilitation.

Methods

Sample

A sample of convenience of 30 subjects with acute
traumatic SCI who met the inclusion criteria and
were willing to participate in the study was in-
cluded. The sample was selected from rehabilita-
tion department of Indian spinal injuries center,
New Delhi. The subjects were in the early reha-
bilitation phase. The transfer training was started
one week before the date of evaluation. The design
was methodological research-repeated measure
study. The study was approved by institutional
ethical committee where the study was carried out.

Sample size

A sample size of 30 subjects with 2 observations per
subject achieves 91% power to detect an intraclass
correlation of 0.70 under the alternative hypothesis
when the intraclass correlation under the null hy-
pothesis is 0.30 using an F-test with a signi¯cance
level of 0.05 was required for reliabilty testing. A
sample size of 25 achieves 81% power with the al-
ternative hypothesis correlation of 0.60 by using a
two-sided hypothesis test with a signi¯cance level
of 0.05 which was needed for validity testing.7,8

The sample size was calculated using PASS 2008
software.

Subjects included were ¯rst time manual wheel-
chair users who were potential full-time wheelchair
users with tetraplegia, high paraplegia (T2–T7) or
low paraplegia (T8–L4). They were able to sit with
or without hand support for 30 s. Subjects with fol-
lowing problems were excluded, such as, unhealed
pressure ulcers, > 19 score on Beck depression in-
ventory-II,9,10 wheelchair user's shoulder pain index
score > 8:5,11 weight relief raises, musculoskeletal
deformities of upper extremities, unstable medical
condition (e.g., angina, seizures), respiratory dis-
tress, cardiovascular, emotional or psychiatric pro-
blems and with signi¯cant visual impairments.

Procedure

The subjects were recruited by convenient sam-
pling method who met the inclusion criteria. The
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purpose of the study was explained to the subjects
who gave the consent to participate in the study.
Then their age (years), gender, height (cm), weight
(kg), level of injury and American spinal injury
association (ASIA) impairment level,12 area of
body a®ected, spinal cord independence-III mea-
sure (SCIM) score,13 modi¯ed functional reach test
score,14 type of transfer, duration since injury
(months), body mass index (BMI) were collected.

Five physiotherapists who had an experience of
3–4 years in rehabilitation of the people with spinal
cord injury (SCI) were the raters for transfers done
by the participants. Four raters evaluated the
transfer skill of participants on TAI 3.0 while the
¯fth therapist evaluated the transfer on global as-
sessment of transfer scale (VAS). Before the test-
ing, the raters were explained how to administer
TAI 3.0 using the text instruction manual of the
assessment tool. The instructions contained the
details and how to score each item. In addition,
general recommendations were provided including
where to stand when observing di®erent aspects of
transfer. The raters were also told about the
instructions to be given to participants during
transfers. The study investigator ensured that each
rater was trained properly using TAI 3.0.6 The
raters got individualized instruction on items with
di±culty in scoring.

Participants were asked to perform four transfers
each in two sessions (sessions 1 and 2). The transfers
were done from their ownwheelchair, to and fro from
a wheelchair level surface bed or a height adjustable
hospital bed with their usual way of transfer. The
height of the hospital bed was adjusted, depending
on the individual's preference. An attendant was
there with subject to prevent any fall or provide
assistance during transfers. If participants needed
assistance for transfers, they were permitted to use
transfer device (e.g., transfer board or lift) or the
attendant to provide assistance. In session 1, while
participants performed transfer, four raters used
TAI 3.0 to score and evaluate their transfer skills.
For session 2, all participants were asked to return
after 72 h to perform the transfer again. Then the
same four raters evaluated them for second time
using TAI 3.0. Each session lasted for 30 to 45min
per subject.

TAI scoring (TAI 3.0)

The TAI contains two parts. Part 1 comprises of 15
items and is scored as follows: \yes", 1 point, \no",

0 points or \not applicable" (N/A), which means a
removed item. Part 1 is completed after each
transfer and item scores are averaged to produce a
single representative item score. The part 1 is the
summation of each item's score multiplied by 10
and then divided by the number of applicable
items, ranging from 0 to 10. The items in part 2 are
completed after all transfers have been performed.
The 12 items in part 2 are scored on a likert scale
ranging from 0 (strongly disagree) to 4 (strongly
agree). The part 2 score is the summation of each
item's score multiplied by 2.5 and then divided by
the number of applicable items, resulting in a range
of scores from 0 to 10. The ¯nal score of TAI is
the average of the part 1 and part 2. The items of
the instrument and what is evaluated during a
transfer are given in Table 1. All the recruited
subjects completed both the sessions (session 1 and
session 2) of the study.6

Global assessment of transfer scale

This is a likert scale which rates the overall transfer
quality on a 10-point scale. The participants'
transfer from a wheelchair was evaluated and
graded from poor (0) to excellent (10). The criteria
for rating a transfer as poor were if the individual
does not make use of equipment when needed, do
not make transfer easy and safe and inappropriate
placement of the hand and feet. A transfer was
rated excellent if the transfer was appropriately
done without transfer devices, easy and safe,
placing the hand and feet on right places and using
human assistance when need. During session 1,
while four raters evaluated the transfer skill of the
participants, the ¯fth therapist who has not seen
the TAI rated the study participants transfer skill
on a VAS. The VAS evaluation was done only in
session 1.5

Data Analysis

Data analysis was performed using SPSS 21.0
software. Descriptive statistics were calculated
for the subject's demographic data including
age, gender, type of transfer, type of disability,
BMI. The intraclass correlation coe±cients (ICCs)
within each rater and between raters in part 1, part 2
and ¯nal TAI 3.0 scores were calculated to assess
reliability. The limits of agreement (LOA) analysis
were done by plotting Bland and Altman (B&A)
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plots with graph pad prism software (Prism version
6.00).15 To determine variability of TAI 3.0 scores,
standard error of measurement (SEM) and mini-
mal detectable change (MDC) were analyzed.
Statistical signi¯cance was set at p � 0:05 with
con¯dence interval of 95%. To establish convergent
validity, Pearson correlation coe±cients were cal-
culated for each rater to evaluate the correlation of
TAI 3.0 scores (total) with global assessment of
transfer scores.

Reliability Testing

Interrater and intrarater reliability

For calculating intrarater and interrater reliability,
ICC coe±cient value (ICC 3,1 : two-way mixed
e®ect and consistency) was calculated separately
for part 1, part 2 and total score of TAI3.0. ICCs
higher than 0.80 were considered strong, between
0.60 and 0.79 were acceptable, between 0.40

and 0.59 were moderate, and lower than 0.40 were
weak.16

Standard error of measurement

The SEM provides a value for measurement error
in the same units as the measurement itself, it is a
measure of absolute reliability.17 The SEM was
calculated for part 1, part 2 and ¯nal TAI scores
using the formula: SEM ¼ SD� ð1� rÞ1=2, where
SD is the standard deviation of the dataset and r is
the reliability coe±cient or ICC value. The SEM
was calculated for individual rater based on ICC
values in case of intrarater reliability analysis.

Minimal detectable change

The MDC was calculated for individual rater for
intrarater reliability analysis. It is an estimate of
the smallest change in score that can be detected

Table 1. The items and evaluation component of the TAI 3.0.

Item no. What is being evaluated

Part 1 1 Distance between the wheelchair and object to which he/she is transferring on to. The subject's
wheelchair is within 3 inches of the object to which he is transferring on to.

2 The angle between the subject's wheelchair and the surface to which he is transferring.
3 Whether the subject attempts to place his chair to perform the transfer forward of the rear

wheel.
4 If possible, the subject removes his armrest independently or with assistance.
5 Level or downhill transfer.
6 Placement of feet in a stable position.
7 Scoots to the front edge of the wheelchair seat before he transfers.
8 Hands' position.
9 Handgrip of the leading arm.
10 Handgrip of the trailing arm.
11 Control over °ight.
12 Head–hip relationship.
13 Positioning of the lead arm.
14 The landing phase of the transfer.
15 The assistant supporting the subject's arms during the transfer.

Part 2 Weight bearing
arm position

1 The lead arm position.

Set-up phase 2 Sets up for a safe and easy transfer.
3 Change the height of the object he is transferring to/from to make the transfer level.
4 Gets close to the object that he is transferring on to.
5 Uses handgrips when necessary.

Conservation 6 Uses a transfer device when necessary.
7 Alternate the leading/trailing arm over the course of the assessment.

Quality 8 Transfer is smooth and well controlled.
9 Clearly communicate his needs in transfer.
10 Does not allow the assistant to pull on his arms during the transfer.
11 The subject corrects the assistant.
12 The subject is able to correctly direct his care in an assertive and polite manner.

118 P. Baghel, S. Walia & M. M. Noohu



objectively for a subject, it is the amount by which
a subject's score needs to change and ensure that
the change is greater than measurement error.18

MDC was analyzed based on 95% con¯dence in-
terval (MDC ¼ 1:96� 21=2� SEM) for part 1,
part 2 and ¯nal TAI scores.

Limits of agreement

LOA between session 1 and 2 were determined by
B&A method.19

Validity Testing

Convergent validity

Pearson correlation coe±cient was calculated for
each rater by correlating their ¯nal TAI 3.0 scores
with global assessment of transfer scores (VAS) of
session 1.

Results

Demographic characteristic of the subjects,
mean� SD, such as age (years), height (cm),
weight (kg), BMI, SCIM score, modi¯ed functional
reach test score, and frequency distribution of area

of body a®ected, ASIA impairment level, gender,
type of transfer, and duration since injury are
shown in Table 2. The mean� SD of part 1 (TAI 1),
part 2 (TAI 2) and total score (TAI total) of TAI
at two di®erent time points for all four raters is
given in Table 3. The mean� SD global assessment
of transfer scores was 7.9� 1.48.

Reliability

The intrarater ICCs ranged from 0.93 to 0.95 for
TAI 1, 0.97 to 0.98 for TAI 2 and TAI total, sug-
gesting high levels of reliability (Table 4). The
interrater ICC of TAI 1 at ¯rst time was 0.98 and
for TAI 2 and TAI total was 0.99 and for the sec-
ond time, ICC of TAI 1, TAI 2 and TAI total was
0.99 (Table 5).

SEM and MDC

The SEM among the raters for TAI 1 was from
0.34 to 0.43, TAI 2 was from 0.23 to 0.27 and for
TAI total was from 0.23 to 0.28. The MDC among
the raters for TAI 1 ranged from 1.19 to 0.94, TAI 2
was from 0.69 to 0.86 and for TAI total was from
0.54 to 0.86 (Table 3). Between the raters, SEM
and MDC is given in Table 5.

Table 2. Demographic characteristics of the sample.

Variable Mean � SD/n (%)

Age (years) 31.9 � 12.3
Height (cm) 163.78 � 9.64
Weight (kg) 62.61 � 13.49

BMI (kg/m2) 23.33 � 2.04

Duration(months) 1.33 � 0.47
SCIM-III score 40.32 � 11.64
mFR (cm) 10.27 � 3.05

Gender Male 25 (83.3)
Female 5 (16.7)

Area of body a®ected Tetraplegia 6 (20)
High paraplegia (T2–T7) 5 (16.7)
Low paraplegia (T8–L4) 19 (63.3)

ASIA impairment level A 11 (36.7)
B 11 (36.7)
C 5 (16.7)
D 3 (10)

Type of transfer Independent sitting pivot 20 (66.7)
Assisted sitting pivot 10 (33.3)

Notes: SCIM: spinal cord independence measure; mFR: modi¯ed functional
reach; BMI: body mass index; SD: Standard deviation, n: number.
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Table 3. Mean � SD of TAI at two di®erent time points.

Time 1 Time 2

Raters TAI 1 TAI 2 TAI total TAI 1 TAI 2 TAI total

1 8.42 � 1.56 7.62 � 1.90 7.91 � 1.68 8.30 � 1.45 7.764 � 1.89 8.03 � 1.61
2 8.05 � 1.57 7.571 � 1.81 7.81 � 1.65 8.23 � 1.43 7.77 � 1.85 8.00 � 1.60
3 8.21 � 1.45 7.63 � 1.89 7.92 � 1.61 8.23 � 1.52 7.83 � 1.80 8.03 � 1.61
4 8.12 � 1.69 7.71 � 1.87 7.91 � 1.71 8.16 � 1.52 7.96 � 1.78 8.06 � 1.60

Notes: TAI 1: Part 1 of TAI; TAI 2: Part 2 of TAI; TAI total: TAI total score.

Table 4. Intrarater reliability analysis for TAI 3.0.

ICC (95 CI) MDC SEM

Raters TAI 1 (95 CI) TAI 2 (95 CI) TAI total (95 CI) TAI 2 TAI total TAI 2 TAI total

1 0.95 (0.89–0.97) 0.98 (0.94–0.99) 0.98 (0.94–0.98) 0.94 0.75 0.64 0.34 0.27 0.23
2 0.94 (0.88–0.97) 0.98 (0.96–0.99) 0.98 (0.94–0.98) 1.02 0.69 0.40 0.37 0.25 0.23
3 0.94 (0.86–0.96) 0.98 (0.96–0.99) 0.98 (0.94–98) 1.02 0.72 0.86 0.37 0.26 0.23
4 0.93 (0.85–0.96) 0.97 (0.94–0.98) 0.97 (0.93–0.98) 1.19 0.86 0.78 0.43 0.23 0.28

Notes: TAI 1: Part 1 of TAI; TAI 2: Part 2 of TAI; TAI total: TAI total score; ICC Intraclass correlation coe±cient;
MDC: minimum detectable change; SEM: standard error of measurement; CI: con¯dence interval.

Table 5. Interrater reliability analysis for TAI 3.0.

ICC (95CI) MDC SEM

Item Time 1 Time 2 Time 1 Time 2 Time 1 Time 2

Part 1 0.98 (0.97–0.99) 0.99 (0.94–0.99) 0.44 0.42 0.16 0.15
Part 2 0.99 (0.98–0.99) 0.99 (0.94–0.99) 0.53 0.50 0.19 0.18
Total 0.99 (0.96–0.99) 0.99 (0.96–0.99) 0.47 0.44 0.17 0.16
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Fig. 1. B&A plot of agreement between sessions 1 and 2 for part 1 score. The ¯gure reveals that only one data point lies
outside � 1.96 SD.
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LOA Plots

The LOA plot showed that there was 1 data
point for part 1 and part 2 outside þ1.96 SD
(Figs. 1 and 2) and for total score, there was 2 data
points outside þ1.96 SD (Fig. 3).

Convergent validity

Pearson correlation coe±cients ranged from 0.88
to 0.90 among the raters with the VAS score
(p ¼ 0:001) as given in Table 6.

Discussion

Measurements of functional outcomes are an inte-
gral part of any goal-orientated, interdisciplinary
rehabilitation program. It is important for quan-
tifying the success of rehabilitation program. A
good clinical assessment tool should be both reli-
able and valid.20,21 The study results showed that
TAI 3.0 has higher levels of intrarater (ICCs ran-
ged from 0.93 to 0.98) and interrater reliability
(ICC — 0.99). For convergent validity, correla-
tions ranged between 0.88 and 0.90. Results
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Fig. 2. B&A plot of agreement between sessions 1 and 2 for part 2 score. The ¯gure reveals that only one data point lies
outside � 1.96 SD.
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Fig. 3. B&A plot of agreement between sessions 1 and 2 for total score. The ¯gure reveals that only two data points lie outside
� 1.96 SD.

Table 6. Correlation of total TAI score with the
criterion standard (VAS).

Rater
Pearson correlation

coe±cient p

1 0.89 0.001
2 0.89 0.001
3 0.88 0.001
4 0.90 0.001
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showed signi¯cant correlations between TAI and
global assessment of transfer skills. The ¯ndings
are similar, but psychometric properties appear
better than the previous reliability and validity
analysis done in wheelchair users with various
disabilities with the same scale.5,6 The reason may
be that all the subjects were with SCI and from the
same rehabilitation care setup. This might have
made the sample more homogenous and another
component might be the uniformity in transfer
training.

The reason for choosing ICCs to analyze the
reliability of the TAI is because the ICC measures
the association and agreement. The ICC can be
used to assess reliability for more than two raters
and can be used to analyze ordinal type of data.6

The mean di®erence determined by LOA analysis
was very small. Only total of four data points (one
each for parts 1 and 2 and 2 for total score) were
outside the 95% con¯dence interval limits. Hence,
there was an agreement with the two sessions of
measurements.22 B&A plot is the quanti¯cation of
the agreement between two measurements by
plotting it graphically, the mean di®erence and
constructing LOA. The di®erence of the two paired
measurements is plotted against the average of the
two measurements. The LOA recommended by
B&A is that 95% of the data points should lie
within � 2SD of the mean di®erence. The part 1
and part 2 scores meet the LOA criteria whereas
total score is slightly less at 93.33%.19,23

Scores may vary, given expected variability of
individual performance and measurement error. A
measure of absolute variability provides useful in-
formation to delineate the \expected" changes
from \true" changes in performance. Statistically,
absolute reliability is determined by the SEM.
Clinically useful mechanism for looking at absolute
reliability is the MDC score.24 Results showed
that SEMs ranged from 0.23 to 0.28 within raters
and 0.15 to 0.19 between raters. The smaller the
SEM, the more accurate are the assessments that
are being made. The smaller SEM in this study
further indicates the accuracy of measurements
with TAI 3.0.25 This study found that the MDC
ranged from 0.64 to 0.86 within raters and 0.47 to
0.44 between raters. Minimum of 0.86 point change
would be needed to identify a true di®erence in
transfer skills that is not a measurement error. The
MDC is relatively easy to calculate which provides
clinically relevant information. The limitation of
MDC is that it assumes that detectable changes are

uniform throughout the scale, but the measure-
ment error can vary at di®erent points in the
scale.25 The raters were given handouts with an
explanation of each item, a description of di®erent
scoring scenarios and a short practice session.
Instructions administering TAI 3.0 might have
improved the consistency among raters.6

Currently, no other outcome measure exists to
assess transfer quality in population with SCI
population in early rehabilitation phase. Hence,
global assessment (VAS) was used to evaluate
convergent validity. Using a non-validated tool to
evaluate convergent validity is not only a preferred
option, but also cannot be avoided because of a
lack of a comparable criterion standard. The
results showed an excellent convergent validity.
The VAS was also previously used to establish the
concurrent validity of TAI.5

The objective evaluation of transfers may help
the clinicians to improve the transfer training,
identify and correct improper transfer techniques.
The identi¯cation of improper transfer techniques
may prevent musculoskeletal injuries and pain in
the upper extremities. The evaluation was done
only on participants in early phase of rehabilita-
tion, who performed independent or assisted sitting
pivot transfers, so results cannot be generalized to
all full-time wheelchair users. Future researches
should be done to ¯nd out the e®ect of transfer
training program on changes in TAI score in people
with SCI.

Conclusion

The TAI is a reliable and valid tool which can be
used as an outcome measure to evaluate transfer
quality in people with acute SCI in early rehabili-
tation phase.

Con°ict of Interest

We hereby declare that there is no con°ict of in-
terest involved in this study in terms of monetary
bene¯ts or in any other form.

Funding/Support

The study did not receive any funds and it was
supported by Indian Spinal Injuries Center, New
Delhi, India, by providing space to carry out the
study. We acknowledge the support of Chitra

122 P. Baghel, S. Walia & M. M. Noohu



Kataria, Principal, and all the supporting sta® of
ISIC institute of rehabilitation sciences, New Delhi,
India for this study.

Author Contributions

The conception and design of the study, or acqui-
sition of data were made by Preeti Baghel, Shefali
Walia and Majumi. The analysis and interpreta-
tion of data were carried out by Shefali Walia and
Majumi. Drafting the paper or revising it critically
for important intellectual content was carried out
by Preeti Baghel, Shefali Walia and Majumi. All
authors approved the ¯nal submitted version of the
manuscript.

References

1. Rice LA, Smith I, Kelleher AR, Greenwald K,
Hoelmer C, Boninger ML. Impact of the clinical
practice guideline for preservation of upper limb
function on transfer skills of persons with acute
spinal cord injury. Arch Phys Med Rehabil
2013;94:1230–46.

2. Preservation of Upper Limb Function Following
Spinal Cord Injury: A Clinical Practice Guideline
for Health-Care Professionals. Washington, DC:
Paralyzed Veterans of America, 2005.

3. Tsai, CY, Hogaboom NS, Boninger ML, Koontz
AM. The relationship between independent trans-
fer skills and upper limb kinetics in wheelchair
users. BioMed Res Int 2014:984526.

4. Mohammed K, Dunn JA. Shoulder pain in tetra-
plegia. Orthop Trauma 2014:28:27–32.

5. McClure LA, Boninger ML, Ozawa H, Koontz AM.
Reliability and validity analysis of the transfer as-
sessment instrument. Arch Phys Med Rehabil
2011;92:499–508.

6. Tsai CY, Rice LA, Hoelmer C, Boninger ML,
Koontz AM. Basic psychometric properties of the
transfer assessment instrument (version 3.0). Arch
Phys Med Rehabil 2013;94:2456–64.

7. Walter SD, Eliasziw M, Donner A. Sample size and
optimal designs for reliability studies. Stat Med
1998;17:101–10.

8. Zar JH, Biostatistical Analysis. 2nd ed. Engelwood
Cli®s, NJ:Prentice-Hall, 1984.

9. Arnau RC, Meagher MW, Norris MP, Bramson R.
Psychometric evaluation of the beck depression
inventory-II with primary care medical patients.
Health Psychol 2001;20:112–9.

10. Shin JC, Goo HR, Yu SJ, Kim DH, Yoon SY.
Depression and Quality of Life in Patients within

the First 6 Months after the Spinal Cord Injury.
Ann Rehabil Med 2012;36:119–25.

11. Curtis KA, Roach KE, Applegate EB et al., Reli-
ability and validity of the Wheelchair User's Shoul-
der Pain Index (WUSPI). Paraplegia 1995;33:
595–601.

12. Maynard FM Jr, Bracken MB, Creasey G et al.,
International standards for neurological and func-
tional classi¯cation of spinal cord injury. Spinal
Cord 1997;35:266–74.

13. Itzkovich M, Gelernter I, Biering-Sorensen F et al.,
The Spinal Cord Independence Measure (SCIM)
version III: Reliability and validity in a multi-cen-
ter international study. Disabil Rehabil 2007;29:
1926–33.

14. Lynch SM, Leahy P, Barker SP. Reliability of
measurements obtained with a modi¯ed functional
reach test in subjects with spinal cord injury. Phys
Ther 1998;78:128–33.

15. Prism version 6.00 for Windows, GraphPad Soft-
ware, La Jolla California USA, www.graphpad.com.

16. Krebs DE. Declare your ICC type. Phys Ther
1986;66:1431.

17. Harvill LM. Standard error of measurement. Educ
Meas 1991;10:33–41.

18. Finch E, Brooks D, Stratford PW, Mayo NE (eds.)
Physical rehabilitation outcome measures: A guide
to enhanced clinical decision making. 2nd ed.
Hamilton: Canadian Physiotherapy Association,
BC Decker Inc, 2002.

19. Bland JM, Altman D. Statistical methods for
assessing agreement between two methods of clin-
ical measurement. Lancet 1986;1:307–10.

20. Emerich L, Parsons KC, Stein A. Competent care
for persons with SCI and dysfuction in acute in-
patient rehabilitation. Top Spinal Cord Inj Rehabil
2012;18:149–66.

21. Sullivan GM. A primer on the validity of assess-
ment instruments. J Grad Med Edu 2011;3:119–20.

22. Rankin G, Stokes M. Reliability of assessment
tools in rehabilitation: An illustration of appro-
priate statistical analyses. Clin Rehabil 1998;12:
187–99.

23. Giavarina D. Understanding Bland Altman analy-
sis. Biochem Med 2015;25:141–51.

24. Donoghue D. How much change is true change?
The minimum detectable change of the berg bal-
ance scale in elderly people. J Rehabil Med
2009;41:343–6.

25. Stratford PW, Binkley J, Solomon P, Finch E, Gill
C, Moreland J. De¯ning the minimum level of de-
tectable change for the Roland–Morris question-
naire. Phys Ther 1996;76:359–65.

Psychometric properties of TAI 3.0 in early rehabilitation phase of SCI 123


	Reliability and validity of transfer assessment instrument version 3.0 in individuals with acute spinal cord injury in early rehabilitation phase
	Introduction
	Methods
	Sample
	Sample size

	Procedure
	TAI scoring (TAI 3.0)
	Global assessment of transfer scale

	Data Analysis
	Reliability Testing
	Interrater and intrarater reliability
	Standard error of measurement
	Minimal detectable change
	Limits of agreement

	Validity Testing
	Convergent validity

	Results
	Reliability
	SEM and MDC
	LOA Plots
	Convergent validity

	Discussion
	Conclusion
	Conflict of Interest
	Funding/Support
	Author Contributions
	References


