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Abstract

BACKGROUND: The assessment of gait function is important for stroke rehabilitation.
Gait function of patients with stroke often depends on the type of orthosis. There is,
however, few gait assessment, which assess the type of orthosis.

OBJECTIVE: The purpose of this study was to investigate the reliability and validity of
our newly developed Ambulation Independence Measure (AlIM), which assesses the gait
function, type of orthoses and physical assistance, for acute stroke patients.
METHODS: A total of 73 acute stroke patients participated in this prospective study.
The AIM discriminates 7 levels of gait ability on the basis of the amount of physical
assistance required and orthoses that are used during walking. Interrater reliability,
concurrent validity with the Functional Ambulation Category (FAC) and predictive
validity were examined.

RESULTS: The weighted kappas of AIM at the start of gait training (baseline) and
discharge were 0.990 and 0.978, respectively. The AIM scores were significantly
correlated with the FAC scores at both baseline (r=0.808) and discharge (r=0.934).
Multiple regression analyses showed that the AIM at baseline was a stronger predictor
of the FAC at discharge (R?=0.80).

CONCLUSIONS: The AIM has excellent reliability, concurrent validity, predictive

validity, and good responsiveness in acute stroke patients.

Key Words: cerebrovascular disorders; gait; orthosis; assessment; Rehabilitation
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Introduction

Stroke patients have various symptoms such as motor and sensory impairments. Their
symptoms can cause gait disturbances, which have a negative effect on activities of
daily living (ADL) and quality of life (QOL) (Patel AT et al.,2000, Reding MJ et al.,
1988). Improving gait ability is one of the primary goals of stroke rehabilitation.

The use of a lower extremity orthosis, such as knee-ankle-foot orthosis (KAFO) and
ankle-foot orthosis (AFO), promotes active gait training and facilitates gait recovery
(Maeshima S et al., 2017, Nikamp CDM et al., 2017, Ota T et al., 2018). A KAFO is
usually prescribed when other forms of bracing (such as an AFO) are insufficient to
adequately control knee instability due to hemiplegia (Fujii R et al., 2020, Hebert JS,
2006, Kakurai S et al., 1996, Maeshima S et al., 2017, Ota T et al., 2018, Yamanaka T et
al., 2004). In acute stroke rehabilitation, KAFO are applied to the patients with severe
hemiparesis for standing and gait training (Fujii R et al., 2020, Kakurai S et al., 1996,
Maeshima S et al., 2017, Ota T et al., 2018, Yamanaka T et al., 2004). It is very difficult
for patients to wear the KAFO in their ADL. For the patients with hemiparesis, it is
necessary to change the KAFO to the AFO to acquire independent gait (Fujii R et al.,
2020, Kakurai S et al., 1996, Maeshima S et al., 2017, Ota T et al., 2018, Yamanaka T et
al., 2004).

The functional ambulation category (FAC) was developed to assess the gait ability of
patients with stroke (Holden MK et al., 1986, Mehrholz J et al., 2007). The FAC
distinguishes 6 levels of gait ability on the basis of the amount of physical assistance
required (Holden MK et al., 1986, Mehrholz J et al., 2007). However, the FAC does not
assess the types of orthoses. For example, the KAFO provides more stability for patients

compared to the AFO (Boudarham J et al., 2013, Ota T et al., 2019). The amount of
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physical assistance with using the KAFO is less than the AFO even in same patient.
Changing from KAFO to AFO for gait training is one of the favorable outcomes of
acute stroke rehabilitation. Using an AFO results in an improved outcome but may
result in the same FAC score. A more meaningful assessment of gait ability following a
stroke includes an understanding of both how an AFO impacts gait and the level of
physical assistance required.

We, therefore, developed a new measurement tool, the Ambulation Independence
Measure (AIM), to assess the amount of physical assistance and the type of orthoses
used. The conceptual basis of the AIM is as follows. To prevent overestimation of the
participant’s gait ability by lower limb orthoses (such as KAFO), AIM limit the types of
lower limb orthoses and walking aids used during the walking trial to determine the
AIM score, but FAC does not. In particular, during the walking trial to determine the
AIM score, patients are allowed to use an AFO, crutch, or cane, but they are not allowed
to use other orthoses or walking aids such as a KAFO, robotic device, parallel bar, or
walker.

The purpose of this study was to examine inter-rater reliability, concurrent validity,

responsiveness, and predictive validity of the AIM in acute stroke patients.

Methods

Ambulation Independence Measure (AIM)

The AIM was developed with reference to the FAC (Holden MK et al., 1986, Mehrholz
Jetal., 2007). A FAC discriminates 6 levels (score range, 0-5) of gait ability on the

basis of the amount of physical assistance required (see table 1 for details).
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The AIM discriminates 7 levels (score range, 1 - 7) of gait ability on the basis of the
amount of physical assistance required. Patients are instructed to walk 5 meters, turn
180°, and walk back 5 meters. During the walking trial to determine the AIM score,
patients are allowed to use an AFO, crutch, or cane, but they are not allowed to use
other orthoses or walking aids such as a KAFO, robotic device, parallel bar, or walker.
The definition of an AIM scoring is shown in table 2.

The similarity between an AIM and a FAC is that the discriminant point of the
evaluation of the amount of physical assistance is to support body weight or assist
balance. The differences between an AIM and a FAC is that an AIM evaluates the
participant’s knee joint stability (the knee flexion angle in the paretic stance phase)
during assisted walking, but FAC does not. To prevent overestimation of the
participant’s gait ability by lower limb orthoses (such as KAFO), an AIM limits the
types of lower limb orthoses and walking aids during the walking trial to determine the

AIM score, but FAC does not.

Participants

A prospective cohort study was conducted. Participants were recruited from among
patients with an initial unilateral hemispheric stroke who were admitted to an acute
hospital from March 2018 to March 2021. The diagnosis of stroke was based on the
clinical history, neurologic examination, and head computed tomography or magnetic
resonance imaging in each patient. A total of 198 patients matched the following
inclusion criteria: 1) hemiparesis or hemiplegia, 2) gait disturbances (FAC score < 3)
and 3) under 90 years old. Patients were excluded if they had any of the following

exclusion criteria: 1) unable to walk independently without a walking aid before onset



118 (36 patients), 2) unable to follow instructions due to various symptoms such as severe
119  aphasia and loss of consciousness (24 patients), 3) other medical complications or

120  comorbidities that would alter the outcome of physical assessments (55 patients) and 4)
121  unable to give consent to this study (10 patients). A total of 73 eligible patients agreed to
122 participate. The protocol was approved by the Ethics Committee, and informed consent
123 was obtained from all patients or their families before study participation.

124 All patients received conventional individual inpatient rehabilitation based on stroke
125  rehabilitation guidelines, which involved gait training using a lower limb orthosis with
126 human support by physical therapists (The Japan Stroke Society, 2015, Japanese

127 Physical Therapy Association, 2017). The rehabilitation program included range of

128  motion exercise, strengthening exercises, sitting balance exercise, standing balance

129  exercises and gait training using a lower limb orthosis with manual assistance by

130  physical therapists. The therapeutic time of physical therapy was ranged from 40-60
131  min according to the patient’s physical status. The type of lower-limb orthosis used

132 during gait training was determined clinically by the physical therapists depending on
133 each patient’s knee and ankle joint stability during gait (Kakurai S et al., 1996,

134  Maeshima Setal., 2017, Ota T et al., 2018, Yamanaka T et al., 2004).

135

136 Assessments

137  Gait function was assessed using the AIM and the FAC at the start of gait training

138  (baseline) and at discharge from the acute hospital to home or other facilities, such as
139  rehabilitation hospitals. The type of lower-limb orthosis during the walking trial to

140  determine the FAC score was the orthosis used in gait training. The type of lower-limb

141  orthosis during the walking trial to determine the AIM score was the orthosis used in
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gait training, but when using KAFO, AFO was used instead of KAFO based on the
measurement rules of an AIM. The walking aids during the walking trial determined
clinically by the physical therapists and was defined as the use or no-use of a crutch or
cane.

Individual deficits in lower-limb motor function, trunk function, and lower-limb
sensory function were assessed at baseline. Lower extremity motor function was
assessed using the lower extremity part of stroke impairment assessment set motor
function (SIAS-M; score range, 0 - 15) (Chino N et al., 1994). Trunk function was
assessed with the trunk impairment scale (TIS; score range, 0 - 21) (Fujiwara T et al.,
2004). Lower extremity sensory function was assessed with the lower extremity part of

SIAS sensory function (SIAS-S; score range, 0 - 6) (Chino N et al., 1994).

Inter-rater reliability

Two physical therapists assessed the AIM on the same day for patients at baseline and at
discharge. Inter-rater reliability was examined using the weighted kappa statistics
(Armitage P et al., 1994) and the Bland-Altman plots (Bland JM et al., 2012). According
to Landis’s classification, weighted kappa score of 0.81-1.0 as almost perfect, 0.61—
0.80 as substantial, 0.41-0.60 as moderate, 0.20-0.40 as fair, and <0.20 as slight
(Landis JR et al., 1977). Limits of agreement (LoA) were calculated as follows: mean
difference between AIM scores (the AIM score minus the AIM score) + (1.96 x standard

deviation) (Giavarina D et al., 2015).

Concurrent Validity
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Concurrent validity was evaluated by Spearman’s rank correlation coefficient (Armitage
P et al., 1994) between the AIM scores and the FAC scores of patients at baseline and at
discharge. The FAC was chosen because it has been proven to have high reliability and

validity as a measure of gait performance (Holden MK et al., 1986).

Responsiveness

Responsiveness was assessed with standardized response means (SRMs). The SRM is
the mean change in score divided by the standard deviation of the change scores (Landis
JRetal., 1977). An SRM value >0.80 was considered large, 0.50-0.80 moderate, and
0.2-0.5 small (Liang MH, et al., 1990). Wilcoxon signed rank test (Armitage P et al.,
1994) were used to assess the difference between baseline and discharge of the AIM and

the FAC.

Predictive Validity

Spearman’s rank correlation coefficient (Armitage P et al., 1994) and stepwise multiple

regression analysis (Armitage P et al., 1994) was used to predict the FAC at discharge.
Statistical analysis was performed with SPSS version 24. P values <0.05 were

considered significant.

Results

Participants’ characteristics at baseline are shown in Table 3. The mean age of
participants was 64.9 (SD, 12.8) years. The mean time from stroke onset to baseline was
6.6 (SD 2.9) days. The mean length of stay in the acute hospital was 30.0 (SD 11.7)

days. Table 4 shows gait ability at baseline and at discharge.
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Reliability

The weighted kappas of the AIM at baseline and discharge were 0.990 (95% confidence
interval (CI), 0.970-1.009) and 0.978 (95% CI, 0.952-1.004), respectively. These scores
were classified as almost perfect using Landis’s classification (Armitage P et al., 1994).
The Bland-Altman plots indicated good agreement between the AIM scores at both
baseline and discharge. At baseline, 1.37% (1/73) point was outside LoA (-0.22~0.24).

At discharge, 4.11% (3/73) point was outside LOA (-0.50~0.61).

Concurrent Validity
The AIM scores were significantly correlated with the FAC scores at both baseline
(r=0.808, P<0.0001) and discharge (r=0.934, P<0.0001) (Table 5 and 6).

In the 55 patients with an FAC score of 1 at baseline, the AIM score ranged from 1 to
3. The patients with a FAC score of 1 at baseline were 36 KAFO users (65%) and 19
non-KAFO users (35%). All the patients with an AIM score of 1 or 2 at baseline were
KAFO users. All the patients with an AIM score of 3 at baseline were non-KAFO users.
In the 29 patients with an FAC score of 1 at discharge, the AIM score ranged from 1 to
3. The patients with a FAC score of 1 at discharge were 14 KAFO users (48%) and 15
non-KAFO users (52%). All the patients with an AIM score of 1 or 2 at discharge were
KAFO users. All the patients with an AIM score of 3 at discharge were non-KAFO

users.

Responsiveness
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The AIM and FAC scores changed significantly between baseline and discharge
(P<0.0001for both) (Table 4). The SRMs of the AIM and the FAC were 1.396 and

1.056, respectively. The AIM and the FAC showed good responsiveness.

Predictive Validity

There was no significant correlation between the FAC at discharge and age (r=-0.009,
P=0.937) or time from baseline to discharge (r=0.188, P=0.111). There was a significant
correlation between the FAC at discharge and the AIM (r=0.934, P<0.0001), FAC
(r=0.703, P<0.0001), SIAS-M (r=0.811, P<0.0001), SIAS-S (r=0.543, P<0.0001) or TIS
(r=0.682, P<0.0001) at baseline.

Multiple linear regression analyses were conducted using the AIM, FAC, SIAS-M,
SIAS-S and TIS at baseline as predictor variables for determining the FAC at discharge,
showed that 80% of the variance in the FAC at discharge was significantly
independently predicted by the AIM (f=0.606, p<0.001), TIS (p=0.180, p=0.014) and

SIAS-M (p=0.202, p=0.037) at baseline (Table 7).

Discussion
We developed the AIM to assess gait ability in the acute rehabilitation setting. This
study examined the reliability and validity of the AIM.

In the most acute stroke patients, orthoses (such as KAFO and AFO) are used for gait
training (Fujii R et al., 2020, Kakurai S et al., 1996, Maeshima S et al., 2017, Nikamp
CDMetal., 2017, Ota T et al., 2018, Yamanaka T et al., 2004). Patients with hemiplegia
are fitted with KAFOs for gait training (Fujii R et al., 2020, Kakurai S et al., 1996,

Maeshima S et al., 2017, Ota T et al., 2018, Yamanaka T et al., 2004). As the patient's
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gait ability improves, KAFO will be changed to AFO (Fujii R et al., 2020, Kakurai S et
al., 1996, Maeshima S et al., 2017, Ota T et al., 2018, Yamanaka T et al., 2004).
Changing from a KAFO to an AFO means improved gait ability (Fujii R et al., 2020,
Kakurai S et al., 1996, Hebert JS., 2006, Yamanaka T et al., 2004).

The FAC is a standard assessment for gait ability and assesses the amount of physical
assistance for gait (Holden MK et al., 1986, Mehrholz J et al., 2007). The FAC,
however, does not assess the type of orthosis (Holden MK et al., 1986, Mehrholz J et
al., 2007). The physical assistance required for gait differ with the type of orthosis (Ota
Tetal., 2019, Hebert JS., 2006, Yamanaka T et al., 2004).

The AIM assesses physical assistance and the type of orthosis, and has limited walking
aids and orthoses that can be used during walking trial.

The AIM showed excellent interrater reliability, concurrent validity, and predictive
validity, and good responsiveness in acute stroke patients. The AIM score ranged from 1
to 3 in patients with an FAC score of 1. The score of the AIM varied in patients with the
same FAC score. It appears that the AIM reflects gait ability more accurately. This
suggested that AIM is an effective measurement tool to assess gait ability in acute or
subacute stroke rehabilitation.

The high interrater reliability of the AIM demonstrates that the clinical usefulness of
the AIM in a clinical setting. The AIM assesses physical assistance needed to support
body weight or maintain balance and buckling of the knee during gait with an AFO.
That is the reason why it is easy for the physical therapist and physiatrist to evaluate the
AIM.

The AIM score was significantly correlated with the FAC score at both baseline

(r=0.808, P<0.0001) and discharge (r =0.934, P<0.0001). The FAC was significantly
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associated with many walking variables, such as gait speed and step length, showing
good validity (Holden MK et al., 1986, Mehrholz J et al., 2007). The present results
showed that the AIM has good concurrent validity. The patients with a severe gait
disturbance (FAC score 1), however, were found to have AIM scores of 1, 2, or 3. This
difference can be explained by the type of orthoses used. The FAC assesses the amount
of physical assistance, but not the type of orthoses used (Holden MK et al., 1986,
Mehrholz J et al., 2007). Sixty-five percent of patients with an FAC score of 1 at
baseline used KAFOs during gait training and evaluating the FAC. Our newly
developed AIM assesses physical assistance and the type of orthosis. During the
walking trial to determine the AIM score, patients are allowed to use an AFO, crutch, or
cane, but they are not allowed to use other braces or walking aids such as a KAFO,
robotic device, parallel bar, or walker. All the patients with a FAC score of 1 and an
AIM score of 1 or 2 used KAFO during gait training and evaluating the FAC. All the
patients with a FAC score of 1 and an AIM score of 3 used AFO or no orthosis during
gait training and evaluating the FAC. The use of a KAFO enhances a patient’s knee joint
stability (Boudarham J et al., 2013, Ota T et al., 2019) and may lead to the need for less
physical assistance. This may account for the differences between FAC scores and AIM
scores in patients with severe gait disturbances. The AIM can prevent overestimation of
gait ability by the KAFO and can be used to obtain an accurate evaluation of gait ability
for patients with a severe gait disturbance. In addition, the AIM might be helpful for
selecting the orthosis suitable for gait training. For example, a KAFO can be applied for
patients with an AIM score of 1 or 2, and an AFO or no brace can be applied for patients

with an AIM score of 3 or higher.
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Both the AIM and the FAC improved significantly from baseline to discharge. The
SRMs of the AIM and FAC were 1.396 and 1.056, respectively. The SRM is considered
large if >0.80 (Crosby RD et al., 2003). These results indicate that the two
measurements have satisfactory and comparable responsiveness.

Predictive validity is of key importance in outcome studies. Stepwise multiple
regression analysis, which was performed with AIM, FAC, SIAS-M, SIAS-S, and TIS at
baseline as the independent variables, showed that 80% of the variance in the FAC at
discharge was significantly predicted by the AIM (p=0.606, p<0.001), TIS (f=0.180,
p=0.014) and SIAS-M (p=0.202, p=0.037). This suggested that the AIM has better
predictive validity than the FAC, trunk function and lower extremity motor function.
This result appears to support that the AIM more accurately reflects the gait ability of

stroke patients with acute or severe gait disturbances than the FAC.

Study limitation

The primary limitations of this study were the difference in the time periods between the
first and second assessments across patients, and the failure to consider the effects of
treatment, including rehabilitation, during that time period. In particular, the time and
content of gait training in rehabilitation may affect the improvement of gait ability. The
content of the gait training, such as the type of the orthosis used, can differ depending
on the gait ability. AIM enable to determine the gait ability for acute stroke patients.
Therefore, by classifying acute stroke patients according to their gait ability and
following up, the factors which affect the recovery of patient’s gait ability can be

examined in more detail.
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Conclusion

We developed a new measurement tool, the AIM, to assess the amount of physical
assistance and the type of orthoses used during the walking trial in acute stroke
rehabilitation. The AIM has excellent interrater reliability, concurrent validity, and
predictive validity, and good responsiveness in acute stroke patients. In particular, the
AIM at the early onset was a strong predictor of gait ability at discharge, independent of
the severity of hemiparesis or hemiplegia and trunk function. These findings suggest
that the AIM is an effective measurement tool to assess gait ability and might be helpful
for selecting the orthosis suitable for gait training in acute stroke rehabilitation,

especially in patients with severe gait disturbances.
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Table 1: Functional Ambulation Category

score gait ability

0 a patient who is not able to walk at all or needs the help of 2 therapists.

L a patient who requires continuous manual contact to support body weight as
well as to maintain balance or to assist coordination.

5 a patient who requires intermittent or continuous light touch to assist balance
or coordination.
a patient who can ambulate on level surface without manual contact of

3 another person but requires standby guarding of one person either for safety
or for verbal cueing.

A a patient who can ambulate independently on level surface but requires
supervision to negotiate (eg, stairs, inclines, nonlevel surfaces).

5 a patient who can walk everywhere independently, including stairs.
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Table 2: Ambulation Independence Measure

score gait ability

! a patient who is not able to walk with the physical assistance of one therapist
using an AFO, cane, or crutch.
a patient who requires physical assistance to support body weight or maintain

2 balance, but shows severe knee buckling (the knee flexion angle in the
paretic stance phase > 30°) during walking with an AFO, cane, or crutch.
a patient who requires physical assistance to support body weight or maintain

3 balance, and shows mild to moderate knee buckling (the knee flexion angle
in the paretic stance phase < 30°) during walking with an AFO, cane or
crutch.

) a patient who requires light touch to assist in balance using an AFO, cane or
crutch.
a patient who can walk without manual contact by another person using an

5 AFO, cane or crutch, but requires standby guarding by one person either for

safety or for verbal cueing.

a patient who can walk independently using an AFO, cane, or crutch.

a patient who can walk independently without an AFO, cane, or crutch.

AFO, Ankle Foot Orthosis.



401

402

Table 3: Participants’ characteristics

22

age (yrs) 64.9+12.8 (39.0-88.0)
sex (men/women) 43/30

stroke (ischemic/hemorrhagic) 37/36

side of lesion (left/right) 43/30

time from onset to baseline (days) 6.6+£2.9 (2.0-13.0)
time from onset to discharge (days) 30.0£11.7 (13.0-70.0)
time from baseline to discharge (days) 24.3+£11.7 (10.0-66.0)
discharge destination (inpatient rehabilitation 66/7
facilities/home)

orthoses user at baseline (KAFO/non-KAFO) 39/34
orthoses user at discharge (KAFO/non-KAFO) 24/49
SIAS_M at baseline 8.8+5.2 (0.0-15.0)
SIAS_S at baseline 4.5+2.0 (0.0-6.0)
TIS at baseline 17.0+4.5 (4.0-21.0)

Values are mean = SD (range) or number; KAFO, Knee Ankle Foot Orthosis; AFO,
Ankle Foot Orthosis; SIAS-M, Lower-limb motor portions of Stroke Impairment
Assessment Set; SIAS-S, Lower-limb sensory portions of Stroke Impairment
Assessment Set; TIS, Trunk Impairment Scale.
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Table 4: Gait ability at baseline and discharge

Baseline Discharge P value
AIM (score, 1-7) 2(1.0-35) 4(2.0-6.0) <.0001
FAC (score, 0-5) 1(1.0-15) 2(1.0-4.0) <.0001

Values are median (quartile 1—quartile 3); P values are the results
of Wilcoxon signed rank test; AIM, Ambulation Independence
Measure; FAC, Functional Ambulation Category.
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Table 5: Relationship between Ambulation Independence Measure scores
and Functional Ambulation Category scores at baseline

AIM score
Total
1 2 3 4 5 6 7
FAC score 0 0 0 0 0 0 0 0 0
FAC score 1 36 3 16 0 0 0 0 95
FAC score 2 0 0 0 18 0 0 0 18
FAC score 3 0 0 0 0 0 0 0 0
FAC score 4 0 0 0 0 0 0 0 0
FAC score 5 0 0 0 0 0 0 0 0

Values are number; FAC, Functional Ambulation Category; AIM,
Ambulation Independence Measure.
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Table 6: Relationship between ambulation independence measure scores and
functional ambulation category scores at discharge

AIM score
Total
1 2 3 4 5 6 7
FAC score 0 0 0 0 0 0 0 0 0
FAC score 1 14 8 7 0 0 0 0 29
FAC score 2 2 0 1 6 0 0 0 9
FAC score 3 0 0 0 0 14 0 0 14
FAC score 4 0 0 0 0 0 5 6 11
FAC score 5 0 0 0 0 0 1 9 10

Values are number; FAC, Functional Ambulation Category; AIM,
Ambulation Independence Measure.
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Table 7: Results of stepwise multiple regression analysis to predict the gait ability at
discharge

dependent R? F(P independent B Pvalue  VIF
variable values) variables
FAC at 0.80 96.3 AlM at baseline 0.606 <0.001 2.658
discharge (<.0001) TIS at baseline 0.180 0.014 1.832

SIAS-M at baseline  0.202 0.037 3.238

P values are the results of multiple regression analysis; FAC, Functional Ambulation
Category; AIM, Ambulation Independence Measure; TIS, Trunk Impairment Scale;
SIAS-M, Lower-limb motor portions of Stroke Impairment Assessment Set; VIF,
Variance Inflation Factor.



