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Abstract

Study design A psychometric study.

Objectives To investigate the reliability and the concurrent validity of the five times sit-to-stand test (FTSST) during various
arm placement conditions in ambulatory participants with spinal cord injury (SCI). In addition, the difficulty of the FTSST
during various arm placement conditions was compared using the number, characteristics, and physical ability of those who
could complete the conditions.

Setting Rehabilitation centers and communities in Thailand.

Methods Eighty-two participants were assessed for their physical ability and ability to complete the FTSST in four arm
placement conditions, namely, arms on a walking device, arms on knees, arms free by sides, and arms crossed over the chest,
according to their ability and in random order.

Results The outcomes for all the FTSST conditions had excellent rater and test-retest reliability with a modest to strong
correlation with their physical ability (p = —0.39 to —0.72), and it is especially high for the condition with arms by sides. All
participants could complete the conditions with arms on a walking device, and two-thirds of them could execute the other
conditions. The physical ability of these individuals was significantly better, with the number of those with mild lesion
severity being greater than those who could execute the FTSST with arms on a walking device (p <0.01).

Conclusions Arm placements affected the psychometric properties and the ability to complete the FTSST of the participants.
The current findings recommend the FTSST for ambulatory individuals with SCI using arms free by sides.

Introduction and psychological factors [1]. Therefore, it is commonly

incorporated into rehabilitation treatments and is used as an

The sit-to-stand ability is a basic but mechanically
demanding activity that requires large joint torques, lower
limb muscle force, balance ability, sensorimotor functions,
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important clinical test to reflect lower limb motor strength
(LEMS) and the dynamic balance control ability of many
individuals with brain function disorders or other physical
impairments [1-6].

Among the various methods of sit-to-stand tests, the five
times sit-to-stand test (FTSST) is the most widely used and
documented for its psychometric properties [1-7]. None-
theless, the ability to perform FTSST can be affected by
many factors, particularly chair seat height, foot placements,
and arm positions [8]. There is clear evidence of the two
former factors in the literature, in which a standard chair
seat height was used (43—46cm) [9] and the feet were
placed with the heels at 10 cm behind the knees [10, 11].
However, the arm positions vary in existing reports,
including arms crossed over the chest [2, 4], arms free by
the sides [12], arms on the thighs/knees [3], and arms on
armrests/walking device [12, 13]. The outcomes of these
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conditions showed no clear differences among healthy
individuals who had adequate LEMS; thus they did not
need addition momentum from their arms [13, 14].

Recently, the FTSST has been applied in ambulatory
individuals with spinal cord injury (SCI) who have intact
brain functions but with various degrees of bilateral sen-
sorimotor deterioration affecting their LEMS, balance
ability, and risk of fall [15, 16]. However, the existing
reports applied different arm placements for the FTSST, i.e.,
arms free by the sides or arms on a walking device
[11, 17, 18], whereas a standard protocol suggests the use of
arms folded over the chest [10], without clear evidence
confirming the psychometric properties for clinical impli-
cation of these arm placement conditions in these indivi-
duals. It has been reported that the positions of the arms
affect the body’s center of mass, body balance, and the ease
of performing the tasks [14, 19]. For example, a forward
arm position promotes the forward momentum needed for
transferring the body’s center of mass effectively during
rising from a chair [19]. On the contrary, restriction of the
arms with the body while rising from sitting leads to the use
of different strategy, particularly ankle angular displace-
ment patterns [14]. Consequently, the researchers hypo-
thesized that different arm placements would affect the
psychometric properties of the FTSST due to the task
demands of each condition, where we expected that
the condition with arms on a walking device would be the
easiest condition and the one with arms crossed over the
chest would be the most difficult condition for ambulatory
individuals with SCI. Therefore, this study explored the
psychometric properties, including the reliability (rater and
test—retest reliability) and concurrent validity (the correla-
tion between the outcomes of FTSST and physical ability
tests), of the FTSST using different arm placement condi-
tions, namely, arms on a walking device, arms on knees,
arms free by the sides, and arms crossed over the chest. In
addition, this study compared the difficulty among the
conditions using the number, characteristics, and physical
ability of ambulatory individuals with SCI who could
complete each condition.

Methods
Participants

This study examined the psychometric properties of the
FTSST in ambulatory participants with incomplete SCI
from rehabilitation centers and communities. The eligible
participants should be at least 18 years old, have a body
mass index of 18.5-29.9 kg/m?, have motor-incomplete
SCI as determined by the International Standards for
Neurological Classification of SCI (ISNCSCI) or the

American Spinal Cord Injury Association Impairment
Scale (AIS C and D), as well as those with cauda equina
syndromes [15]. The eligible participants also had the
ability of independent standing up from a chair with or
without using their hands and walking with or without a
walking device over at least 10 m. The exclusion criteria
were any signs and symptoms that might affect their
ability to perform the tests, such as pain in the muscles or
joints with an intensity of pain more than 5 out of 10 on a
numeric pain-rating scale, joint deformities affecting
mobility, and other neurological disorders. The sample
size for a reliability study was derived from previous
studies (20-30 participants) [20, 21]. The sample size for
a concurrent validity study was calculated from a pilot
study (n =40), which sets the level of correlation (r) to
0.32-0.41 for each physical ability test and the a to 0.05,
the findings indicated this study required 48-82 partici-
pants. The experimental protocols of the study were
approved by the local ethics committee (HE 601349). The
eligible participants signed an informed consent document
prior to participation in the study.

Research protocol

The eligible participants were interviewed and assessed for
their demographics and SCI characteristics, including cause
of SCI, post-injury time, and level and severity of injury
according to the ISNCSCI [15]. Then, the participants were
assessed for their ability to perform FTSST for each arm
placement condition in random order with video recording
to further analyze the reliability data. On the following day,
the participants were assessed for their LEMS of the eight
major muscle groups and functional tests to reflect their
physical ability relating to levels of independence of parti-
cipants [22-24] who could complete FTSST in each arm
placement condition and to verify the concurrent validity of
the FTSST conditions. The details of the tests are as
follows:

FTSST

The participants were seated on a standard armless chair
with their back upright against the backrest of the chair, hip
flexion at 90°, and their feet flat on the floor with the heels
at 10cm behind their knees. The tests recorded the time
required to complete five chair-rise cycles in the fastest and
safest manner possible while placing their arms in the fol-
lowing four conditions (Fig. 1a—d):

(1) Arms on a walking device (a standard walker) [12, 13]
(2) Arms on the knees [3]

(3) Arms hanging freely at their sides [12]

(4) Arms folded over the chest [2, 4]
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Fig. 1 Arm placement conditions for the five times sit-to-stand test. a Arms on a walking device. b Arms on knees. ¢ Arms by sides. d Arms

crossed over the chest

The participants performed these conditions according to
their own ability in random order and without compulsion
to complete all tests if they were unable to do to reflect the
difficulty of each condition. The average time required from
the command “go” to the participants’ backs touching the
backrest of the chair in the fifth repetition over the three
trials and the number of participants who could complete
the conditions were recorded [3, 12].

LEMS

The participants were assessed for the strength of their eight
major lower limb muscles, namely, hip flexors, hip exten-
sors, hip abductors, hip adductors, knee flexors, knee
extensors, ankle dorsiflexors, and ankle plantar flexors,
using the manual muscle test [25]. The strength of each
muscle group was graded on a 12-point scale (i.e., 0, 1, 2—,
2,24,3—,3,34,4—, 4,4+, and 5), and the outcomes were
converted into scores from O to 11 [25]. The total LEMS in
this study was 176 scores.

Functional tests
The participants were assessed for their functional ability

using the 10-meter walk test (IOMWT), timed up-and-go
test (TUGT), and 6-minute walk test (6MWT) to represent
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the overall quality of gait and the ability of community
participation [12, 26], dynamic balance control ability and
fall risk, and functional endurance [22, 23], respectively.
Their walking ability and the requirement of walking
devices and/or external assistance while performing the
10MWT were also used to indicate the Walking Index for
Spinal Cord Injury (WISCI) II scores [23, 27] of the par-
ticipants. During the tests, the participants were fastened
with a lightweight safety belt around their waist, and a
physical therapist was always by their side to ensure their
safety and the accuracy of the tests.

Reliability tests

The first 30 participants were assessed by an expert health
professional (i.e., a physical therapist who had experience
using the FTSST for at least 3 years) and a novice health
professional to represent the reliability of the FTSST [20].
The details of the reliability assessments are as follows:

Rater reliability: A novice rater was trained in the
methods for administering the tests and recording the
outcomes, with practice sessions of about 30 min. Both
raters recorded the outcomes of FTSST of participants
who could complete each condition from the video
recording, with a 1-week interval between the first and
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second sessions. The data from both sessions of each
rater were used to analyze the intra-rater reliability, and
those from the first session of both raters were used to
reflect the inter-rater reliability [3].

Test—retest reliability: An expert rater recorded the ability
of the first 30 participants who were able to perform each
condition. Seven days later, the same 30 participants
were re-assessed for the outcomes of the FTSST. The
data from the first and second assessments were used to
represent the test—retest reliability [3, 4].

Data analysis

Descriptive statistics were used to explain the demographics
and the SCI characteristics of participants as well as the
findings of the study. The Shapiro-Wilk test was used to
estimate the normality of the data. The intraclass correlation
coefficients (ICC; 5: the raters were only the raters of interest,
not randomly selected, and the reliability was calculated using
the average data over three trials [28]) were employed to
estimate the reliability of the FTSST conditions. The ICC
values of 0.75 and higher were considered excellent, those
<0.40 were poor, and those between these ranges had
moderate-to-good reliability [29]. Portney and Watkins [30]
suggested that ICC:s for clinical tests should be at least 0.90 to
obtain reliable outcomes. The ICC data of the test-retest
reliability were used to calculate (1) the standard error of
measurement (SEM), which is used to estimate the expected
error in interpreting an individual’s test score [31], using the
formula SEM = (SD) x (1 — ICC), where SD is the standard

deviation of the two sessions of the FTSST trials in the same
participants  [31]), and (2) the minimal detectable
change (MDC), which is the estimated smallest change in the
score that could be detected beyond the measurement errors,
using the formula MDC = 1.96 x SEM x \2 for each FTSST
condition [32]. The Pearson’s correlation coefficients (r) or
the Spearman rank correlation coefficients (p) were utilized to
explain the levels of correlation (concurrent validity) of the
FTSST and the physical ability data. The strength of the
correlation was defined as modest (r or p of 0.30-0.49),
moderate (7 or p = 0.50-0.69), and strong (» or p > 0.70) [33].
In addition, the one-way ANOVA or the Kruskal-Wallis test
was used to compare the continuous data of the participants
who could complete the FTSST conditions, and the Bonfer-
roni post hoc or the Mann—-Whitney U test was used to
identify the pairwise differences. The level of significant
differences was set to p <0.05.

Results

Eighty-two participants with incomplete SCI were involved
in this study, and the first 30 participants also participated in
the reliability study (Table 1). All participants were able to
complete the FTSST with arms on a walking device, and
65% (n=52-54, Table 1) could accomplish the other
conditions (p<0.001). The participants considered the
FTSST with arms crossed over the chest as the most diffi-
cult condition and that with the arms on a walking device as
the easiest one. The participants who completed the con-
dition with arms on a walking device had the number of

Table 1 Demographic and spinal cord injury characteristics of the participants who completed the validity and reliability study

Variable Concurrent validity study

Arms on knee
(n=54)

Arms on a walking device
(n=282)

Arms crossed over the
chest (n =52)

Arms by sides
(n=153)

Reliability tests
(n=30)

Age (years)" 52.0+14.2 (48.9-55.1)
22.6+3.5(21.8-23.3)

89.8+79.3 (69.3-104.2)

Body mass index (kg/m?)*

Post-injury time (months)*

Gender: male"™ 69 (84) 47 (87)
Stage of injury: chronic™® 74 (90) 48 (89)
Cause of injury: non-traumatic™® 41 (50) 25 (46)
Level of injury: incomplete paraplegia® 55 (67) 33 (61)
AIS: D™ 63 (77) 50 (93)
Using a walking device®
Walker 31 (38) 11 (20)
Crutches 8 (10) 24
Cane 14 (17) 12 (22)
None 29 (35) 29 (54)

50.5+13.3 (46.8-54.2)
22.8+3.8 (21.7-23.8)
85.1+80.5 (63.1-107.1)

50.3+13.3 (46.6-54.0)
22.7+3.8 (21.6-23.8)
86.0+81.0 (63.7-108.4)

50.3+13.5 (46.5-54.0)
22.7+3.7 (21.6-23.8)
87.2+81.4 (64.5-109.8)

51.1+13.4 (46.1-56.1)
23.5+3.6 (22.2-24.9)
89.9 +80.7 (59.8-120.1)

46 (87) 45 (87) 26 (87)
47 (89) 46 (88) 28 (93)
24 (45) 24 (46) 19 (63)
32 (60) 32 (62) 20 (67)
49 (92) 48 (92) 20 (67)
11 21) 10 (19) 10 (33)
24 24 20
11 21) 11 (21) 8 (27)
29 (54) 29 (56) 10 (33)

Data comparisons among those who completed each arm placement condition were performed using one-way ANOVA for continuous data and
i test for categories data, * indicated significant differences among the conditions (p = 0.008)

AIS American Spinal Injury Association Impairment Scale

®Data are presented using mean =+ standard deviation (95% confidence interval)

"Data are presented using n (%)

“These variables were categorized according to the following criteria: Gender: male/female; Cause: non-traumatic/traumatic; Level of injury:
incomplete paraplegia/incomplete tetraplegia; Stage of injury: sub-acute (<12 months)/chronic (>12 months); AIS class: C/D

SPRINGER NATURE
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(e) Time Up and Go Test (f) 6-Minute Walk Test
those with AIS D significantly less than those who were  of all FTSST conditions showed excellent intra- and

able to perform the other conditions (p =0.008, Table 1).
However, there were no significant differences in the time
to complete the FTSST conditions (Fig. 2a). On the con-
trary, the LEMS and functional ability of the participants
who could accomplish the FTSST with arms on a walking
device were significantly poorer than those of the partici-
pants who could complete the other three conditions (p <
0.05), and there was no significant difference among these
three conditions (p > 0.05, Fig. 2b—f).

Reliability of the FTSST
All 30 participants could complete the condition with arms
on a walking device, and 20-21 participants were able to

perform the other three conditions (Table 2). The outcomes
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inter-rater reliability for both the expert and novice raters
(ICC553=0.998-1.000; Table 2). Every condition had an
excellent test-retest reliability (ICC;3 = 0.956-0.989) with
a small amount of SEM and MDC. In comparing the con-
ditions, testing with arms by the sides had the smallest
values of SEM and MDC, and the condition with arms on a
walking device had the largest values of SEM and MDC
(Table 2).

Concurrent validity of the FTSST

The time to complete the FTSST of all conditions was
significantly correlated with LEMS and all the functional
measures, particularly for 10MWT, TUGT, and 6MWT
(p=-0.39 to —0.72, p<0.01 to p<0.001, Table 3). In
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Table 2 Rater and test—retest reliability, standard error of measurement (SEM), and minimal detectable change (MDC) of the five times sit-to-stand
test (FTSST) of the four arm placement conditions

Conditions of the FTSST

Arms on a walking

Arms on knees

Arms by sides

Arms crossed over

device (n = 30) (n=21) (n=20) the chest (n = 20)
Rater reliability
Expert rater
- Duration of the FTSST* (second)
Session 1 15.3 (5.10) 15.7 (5.16) 16.0 (5.34) 15.5 (4.54)
Session 2 15.4 (5.12) 15.8 (5.22) 16.1 (5.45) 15.9 (4.33)

- Intra-rater reliability®

Novice rater

1.000 (0.999-1.000)

- Duration of the FTSST? (second)

Session 1

Session 2

- Intra-rater reliability®

- Inter-rater reliabilityb

Test-retest reliability

15.2 (5.05)
15.6 (5.16)

0.998 (0.973-0.999)
0.999 (0.995-0.999)

- Duration of the FTSST?* (second)

Session 1

Session 2

- Test—retest reliability®

- SEM
- MDC

15.7 (5.15)

14.8 (5.27)

0.956 (0.907-0.979)
1.09

3.01

0.999 (0.998-1.000)

15.7 (5.33)
16.0 (5.33)

0.999 (0.994—1.000)
0.998 (0.995-0.999)

16.1 (5.71)

15.3 (5.53)

0.975 (0.939-0.990)
0.88

2.44

0.999 (0.997-1.000)

16.0 (5.47)
16.1 (5.40)

0.999 (0.998-1.000)
1.000 (0.999-1.000)

16.0 (5.18)

15.2 (5.48)

0.989 (0.971-0.996)
0.55

1.53

1.000 (0.999-1.000)

15.4 (4.51)
15.6 (4.61)

1.000 (0.999-1.000)
1.000 (0.999-1.000)

16.2 (5.97)
15.2 (4.95)

0.962 (0.905-0.985)
1.05

2.93

*Durations of the FTSST were presented by mean (standard deviation)

PReliability data were presented using the intraclass correlation coefficients (ICCj3) with 95% confidence intervals

Table 3 The correlation between

Conditions of the FTSST LEMS 1OMWT WISCIII  TUGT 6MWT
the four arm placement
conditions of the five times sit- A1 o 2 walking device (n = 82) 0437 —0.557F 044 060™ —0.63™
to-stand test (FTSST) and - - - - -
physical ability tests Arms on knees (n = 54) —0.40 ) —0.62 ,, —0.49 ) 0'70,, 70.7OJ
Arms by sides (n = 53) —0.43™ —0.65™" —0.53™" 071" —0.72"™
Arms crossed over the chest (n = 52) —0.39™ —0.59™" —0.50"™" 0.67" —0.67"

The data are presented using Spearman’s rho coefficient (p)

LEMS lower extremity motor strength, /OMWT 10-meter walk test, WISCI II walking index for spinal cord
injury II, TUGT timed up and go test, 6MWT 6-minute walk test

*p<0.01, "p<0.001

comparing the FTSST conditions, the tests conducted with
arms by the sides had the highest correlation with LEMS
and functional ability (p=-0.43 to —0.72; p<0.001),
and the test with arms on a walking device showed a
slightly lower correlation than those of the other conditions
(p=-0.43 to —0.63; p<0.01, Table 3).

Discussion

This study explored the influence of arm placements on the
psychometric properties and difficulty of the FTSST among
the four arm placement conditions in ambulatory indivi-
duals with SCI. All participants could complete the FTSST

with arms on a walking device, and only two-thirds could
perform the other three conditions (p < 0.001, Table 1). The
time to complete the FTSST showed modest to strong
correlation with LEMS and functional ability, with excellent
reliability and small values of SEM and MDC, particularly
the condition with arms by the sides (Tables 2 and 3).
The LEMS and functional ability of participants with
SCI who completed the conditions with arms on a walking
device were significantly poorer than those of the partici-
pants who could perform the other conditions, thus sug-
gesting that this condition was the easiest one (Fig. 2b—f).
Upper limb placing on a walking device promoted forward
momentum for body-weight transferring and the ease of the
tasks, and helped the participants to complete the test with a

SPRINGER NATURE
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similar amount of time as that of the other conditions (p >
0.05, Fig. 2a). Arborelius et al. [34] reported that using the
arms reduces hip moments by about 50% of the extension
moment needed for a sit-to-stand task. Alexander et al. [35]
found that the proportion of older adults who were unable to
rise from a chair decreased from 32% to only 1% when
hand use was allowed. However, various amounts of upper
limb contribution across the trials while rising resulted in
the widest range of SEM and MDC data in comparison with
the other conditions (Table 2).

By contrast, the other three conditions required the most
contribution from the lower extremities. Although the
condition with arms on knees enabled the participants to use
their arms, the sensorimotor impairments of the lower limbs
could limit the participants to forcefully push their legs
while rising up. Therefore, this condition still relied mostly
on the lower limb functions, while the body base of support
was clearly reduced in comparison with the condition of
using a walking device. Consequently, the number of par-
ticipants who completed this condition was similar to that of
the conditions with arms by the sides and arms crossed over
the chest (Table 1). The condition with arms crossed over
the chest also limited the upper limb contribution for body
balance while risen the body center of mass, which chal-
lenged the balance ability. Thus, the participants with
bilateral sensorimotor impairments were unable to perform
to their optimal ability in this condition. These assumptions
were associated with the suggestion from the participants
that performing the FTSST with arms crossed over the chest
was the most difficult condition and that with arms on a
device was the easiest. Carr [19] also reports that restriction
of the arms with the body while standing up leads to a
different angular displacement of the ankles and sig-
nificantly lengthened the time required to produce the
maximum support moment than that with the arms free. By
contrast, the condition with arms hanging naturally by the
sides afforded the body balance, and enabled the partici-
pants to perform the test optimally. Thus, the reliability and
validity data were the highest in the condition with arms
free by sides (Tables 2 and 3).

The higher correlation between the outcomes from
FTSST with the IOMWT, TUGT, and 6MWT data (p =
—0.55 to —0.72) as compared to that with the LEMS and
WISCI I (p=-0.39 to —0.53; Table 3) suggested the
characteristics of the tests. The LEMS reflected the system
functions (i.e., only lower limb muscle strength) that was
assessed in a lying or sitting position, and the outcomes of
LEMS and WISCI II were in ordinal scales [25, 27]. Con-
versely, the outcomes of the IOMWT, TUGT, and 6MWT
were the mobility tests that required the contributions of
many body systems and provided continuous data, similar
to the FTSST. Such characteristics may enhance the levels
of correlation in comparison with the LEMS and WISCI II
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scores (Table 3). This assumption was associated with the
data on the participants with chronic stroke, which found a
high correlation (p =—0.753 to —0.830) when muscle
strength was reported using continuous data from a hand-
held dynamometer [3].

The excellent rater and test-retest reliability could be
related to the characteristics of the FT'SST that were timed
from the command “go” until the participants’ backs were
against the backrest of the chair after the fifth repetition of
sit-to-stand cycles. [3, 12]. Such criteria clearly determined
the time recorded by the health professionals. Furthermore,
the measurement for the outcomes from the video recording
reduced the variation in the participants’ performance. All
of the procedures enhanced and confirmed the reliability of
the outcomes of FTSST for clinical trials (more than 0.90)
[30]. The findings were consistent with those of Mong et al.
[3], who used the same timing protocols and also found an
excellent reliability of the FTSST in people with chronic
stroke (ICC =0.970-0.999). By contrast, a study on indi-
viduals with Parkinson’s disease that recorded the time from
the command “go” to the participants’ buttocks contacting
with the seat after the fifth repetition found a wide range of
ICC data (0.76-0.99) [4].

The excellent test—retest reliability of the FTSST condi-
tions was further confirmed by the small SEM and MDC
values. The SEM is an index for the absolute reliability of a
test, in which a small SEM indicates high absolute relia-
bility, that is, the recorded score is close to the true score
[30]. The MDC reflects the smallest change in the score
beyond the measurement errors, that is, a true change in
performance with 95% confidence [32]. Previous data on
patients with Alzheimer’s disease [5] and on older female
adults [7] reported a similar range of SEM (0.9-1.39 s) and
MDC (2.5- 2.735s).

Previous studies suggested the test of FTSST with arms
on knees and arms crossed over the chest to be used in other
populations [1-4]. The current findings suggested that
various arm placements could be used to report the out-
comes of the FTSST and that the condition with arms by the
sides would be optimal for ambulatory individuals with
SCI. However, some limitations of the study must be
addressed. The number of participants in each FTSST
condition was not equal to reflect the natural characteristics
and the difficulty of the tests. Nonetheless, 65% of parti-
cipants had rather good functional ability because they
could complete all FTSST conditions. Thus, this may
confound validity of the condition with arms on a walking
device, and the current findings might not reflect the data on
those who could complete only the test with arms on a
walking device. In addition, the findings may be con-
founded by various degrees of lower limb loading and
upper limb contribution on a walking device or knees.
Furthermore, the other psychometric properties of the
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FTSST in individuals with SCI are not available. Therefore,
further studies that measured lower limb and upper limb
loading during sit-to-stand with data comparisons between
those who perform the FTSST with or without hands, and
reporting data on other psychometric properties are needed
to extend the clinical implication of the FTSST particularly
to these individuals.

Conclusion

All of the FTSST conditions used in this study showed
excellent rater and test-retest reliability, with a modest to
strong correlation with the physical ability of the partici-
pants. In all the conditions, the condition with arms by the
sides offered the best psychometric properties for clinical
and research works in ambulatory individuals with SCIL.
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