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Abstract. [Purpose] This study aimed to examine the inter- and intra-rater reliability and validity of the modi-
fied functional ambulation category (mFAC) scale. [Subjects and Methods] The participants were 66 stroke patients
with hemiparalysis. The inter- and intra-rater validity of the mFAC was calculated using the Spearman correlation
coefficient. A score comparison of the stable or maximum gait speed with regard to mFAC and modified Rivermead
Mobility Index (mRMI) performances was performed as a univariate linear regression analysis to determine how
the Kruskal-Wallis test affects the mRMI and stable/maximum gait speed with regard to mFAC. [Results] The inter-
rater reliability of the mFAC (intraclass coefficient [ICC]) was 0.982 (0.971-0.989), with a kappa coefficient of 0.923
and a consistency ratio of 94%. In contrast, the intra-rater reliability of the mFAC (ICC) was 0.991 (0.986—0.995),
with a kappa coefficient of 0.961 and a consistency ratio of 96%, showing higher reliability. Moreover, there was
a significant difference in stable/maximum gait speed between the mFAC and the mRMI. [Conclusion] Since the
mFAC has sufficient inter- and intra-reliability and high validity, it can be used as an assessment tool that reflects
the gait performance and mobility of stroke patients.
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INTRODUCTION

The loss of gait ability after stroke becomes a lifetime disability in addition to social activity limitations. Therefore,
recovering gait ability is an important treatment objective for independent living!. Furthermore, the gait assessment must
be reliable and valid to assess the gait disorder and treatment effects and establish a future treatment plan. However, few
gait assessment tools have been described to date that can be used to comprehensively assess gait ability?). Gait assessment
tools currently range from those that use biomechanical and kinematic analyses® to those with a simple clinical design that
can be easily and swiftly applied”). However, skillful clinicians and repeated tests are required to ease the difficulty of this
technological application, save time, and collect accurate data?. In addition, impractical issues arise from day-to-day clinical
applications due to the difficulty obtaining results and interpreting the datal.

Timed up-and-go tests and walking velocity tests (5—12 m), which are the most common methods used in clinical research,
are basic tests that reflect an individual’s gait ability®. Hence, they can be used as assessment standards since they have the
advantage of providing diverse therapeutic interventions by grasping the functional gait performance of patients with data
that are affordable to obtain and easy to manage and interpret®. Gait speed can be a useful assessment tool for estimating
functional independence and treatment effects. Stroke patients have different gait speeds since they become stressed about
their present functional status (physical and psychological), while the assessment distance may also differ (5-12 m)” ®.
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Moreover, since speed is measured at a certain point in time, its universal application may be limited.

The inter-rater reliability (ICC) of the mFAC in patients with hip fractures is 0.96, with a construct validity of r=0.81 on
the Elderly Mobility Scale (EMS)®, while the inter-rater reliability for acute stroke patients has a consistency ratio of 93%
and a weighted kappa of 0.97'9. Nonetheless, the inter-rater reliability of the mFAC for acute stroke patients has not yet
been reported, and there is an unclear correlation between gait speed and functional mobility performance. In addition, the
unmodified FAC is still being used in Korean clinical research, and the clinical application cases of mFAC have not yet been
reported in this country. Therefore, the present study aimed to investigate the validity of the correlations between inter- and
intra-rater reliability (ICC, kappa, standard error of the mean [SEM], and minimum detectable change [MDC]) through which
the psychological characteristics of the mFAC can be reflected as well as the modified Rivermead Mobility Index (mRMI).

SUBJECTS AND METHODS

The present study was conducted from September 2014 to May 2015 on 76 chronic stroke patients (diagnosed more
than 6 months earlier) who were hospitalized at Hospital M for treatment. All of the patients understood the purpose of the
study and provided written informed consent prior to participating as required by the ethical standards of the Declaration
of Helsinki. The subjects were selected if they scored more than 23 points on the Mini-Mental State Examination-Korean
version (MMSE-K), which is designed to test cognitive function, and if they did not have neurological problems in the lower
limbs (determined by the ability to safely walk on a flat surface for 10 m, regardless of the use of a cane or other aids) and
orthopedic problems in either leg. Based on the aforementioned criteria, 76 chronic stroke patients were initially selected,
but during the course of the study, 6 dropped out and 4 quit the study after hospital discharge or with deteriorating health.
Ultimately, the data of 66 patients were obtained.

The mFAC, using a 7-point Likert scale, was used to make distinctions between the patients’ gait abilities. The test and
re-test reliability of the mFAC among stroke patients has been reported, with a consistency ratio of 93% and a weighted
kappa coefficient of 0.97'9. A gait speed test with a distance of 5 m was performed, during which the research subjects’
psychological burden and stress can be minimized!D. An average of 3 rounds of the test was recorded. The test and re-test
reliability of this assessment tool is reportedly high with an ICC of 0.88-0.97'%. In addition, mRMI was used to evaluate the
stroke patients’ mobility. The inter-rater reliability of mRMI for stroke patients had an ICC of 0.9813).

In this study, the Shapiro-Wilk test was performed using SPSS (version 18.0 for Windows 7) to test variable normality,
while a frequency analysis was used to analyze the research subjects’ general characteristics. The percent of total agreement
and the kappa coefficient were calculated to show the consistency ratio of mFAC between the raters, while inter- and intra-
rater reliability were measured using the intra-class coeflicients (ICC, ;). The absolute reliability (without measurement
error) was assessed using SEM and MDC. In addition, the stable/maximum gait speeds regarding the mFAC and mRMI
performance scores were compared using the Mann-Whitney U test and the post-hoc Kruskal-Wallis test. The validity testing
of the mFAC was done with a univariate linear regression analysis, which analyzes the causal relationship between the
Spearman correlation coefficient and the stable/maximum gait speed regarding functional gait ability and mRMI. Statistical
significance was set at 0=0.05.

RESULTS

The research subjects were 38 males (57.6%) and 28 females (42.4%) with an average age of 59.82 years. Among these
subjects, 42 had cerebral infarction (63.6%) and 24 had cerebral hemorrhage (36.4%), while 29 had right-sided paralysis
(43.9%) and 37 had left-sided paralysis (56.1%). The average duration of illness was 13.27 months since onset, and the
patients had an average MMSE-K score of 25.82 points. Twenty-four patients were able to walk independently (36.4%),
while 25 walked with one-legged walking sticks (37.9%), 15 walked with 4-legged walking sticks (22.7%), and 2 patients
used walkers (3.0%). The average mFAC was 5.39 points, and the stable and maximum gait speeds were 60 m/s and 73 m/s,
respectively. The average mRMI was 29.92 points.

The inter-rater reliability of mFAC had an ICC of 0.982 (0.971-0.989), kappa coefficient of 0.923, consistency ratio of
94%, SEM of 0.174, and MDC of 0.482, while the intra-rater reliability had an ICC of 0.991 (0.986-0.995), kappa coefficient
0f 0.961, consistency ratio of 96%, SEM of 0.124, and MDC of 0.343, indicating high reliability.

There was a statistically significant difference between the mFAC and the stable/maximum gait speeds (X?>=54.49 and
54.70, respectively; p<0.001), and a significant difference from mRMI was found (X?=53.76; p<0.001). In addition, mFAC
validity had high correlations with the stable/maximum gait speeds (r=0.88-0.90) and mRMI (1=0.90).

The mFAC affected 81% and 77% of the stable and maximum gait speeds, respectively, while affecting 82% of the mRMI.

DISCUSSION

The present study’s findings corroborate the high inter- and intra-rater reliability of the mFAC. Such findings are in line
with those of previous studies in which the inter-rater reliability of mFAC of patients with hip fractures had an ICC of 0.96%,
while the inter-rater reliability of the mFAC for acute stroke patients had a consistency ratio of 93% and a weighted kappa
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coefficient of 0.97!9. The inter- and intra-rater reliability of the present study was very high, with an ICC>0.98, kappa coef-
ficient >0.92, and a consistency ratio >94%, all of which were measured by therapists who had worked in the field for at least
10 years. However, for this study, therapists with <5 years’ experience in rehabilitation treatment for stroke patients, or even
unskilled therapists, would not have had problems performing video observations and individual assessments. Moreover, the
mFAC has clear standards; however, in this study, not a single subject scored 1 or 2 points on the mFAC.

Regarding assessment tools for clinical research, SEM and MDC represent absolute reliability to reflect psychological
features for assessing treatment effects and determining effect size, and they offer very useful information for clinicians and
therapists'¥. The SEM and MDC of the mFAC, which had not been explored before, were first introduced in the present
study. In this study, the SEM of the mFAC was 0.17, less than 10% of the average mFAC score, while the MDC of the mFAC
was 0.48, less than 10% of the maximum mFAC score, both of which fall within the acceptable range!®). The MDC represents
the smallest expected value of the individual treatment effect and is a very important indicator for clinicians predicting a
patient’s achievable recovery level after treatment!S).

In the present study, a difference was noted between the stable/maximum gait speed and mRMI with regard to the mFAC
groups. The 66 research subjects were divided into five groups based on the mFAC (3—7 points), and their stable/maximum
gait speeds and mRMI were measured. They were all reported to be different. As the mFAC increased from 3 points (stable/
maximum gait speeds of 0.16 m/s and 0.25 m/s, respectively) to 5 points (0.50 m/s and 0.58 m/s, respectively), the average
gait speed increased with the mRMI performance score, representing functional mobility. What is unique is that there was a
difference even between the stable and maximum gait speeds of 6 points on the mFAC (0.76 m/s and 0.89 m/s, respectively)
and of 7 points (0.88 m/s and 1.12 m/s, respectively) among the independent ambulatory group.

Among the gait phase classifications that are most commonly used in clinical research, such as that of Perry, a gait speed
>0.4 m/s is used for indoor walking, while 0.4-0.8 m/s is the gait speed of limited outdoor walking and >0.8 m/s is used
for outdoor walking!®. In addition, the cut-off value of the gait speed for outdoor walking is 0.66—1.14 m/s!”- 13, However,
the recent definition of outdoor walking includes a cut-off value and distances of >0.73 m/s and >332 m, respectively, and
includes being able to go up and down stairs and turn corners independently'® 29, According to this definition, the research
subjects in the present study were classified into the outdoor walking group, while the subjects whose minimum mFAC score
was 6 points were expected to be assigned to the outdoor walking if their gait speed was >0.76 m/s.

The improvement in the functional gait performance of these research subjects (mFAC of 3—7 points) increased along with
increased mRMI, which reflected the stable/maximum gait speeds and functional mobility. In general, healthy people can
adjust their gait performance at different gait speeds. However, most patients with neurological diseases respond slowly to
their surroundings because of limited outdoor walking and perform physical activities very passively?). Therefore, improve-
ments in the functional gait performance of stroke patients with gait disability are well-reflected in their gait speed and
physical activity performance.

The mFAC used in the present study can be a gait assessment tool for clinical research since its validity is proven, inter-
and intra-rater reliability are high, and it is relevant to gait speed and functional mobility. In addition, it is a sophisticated
method that can reflect the clinical improvement of a patient’s gait ability, and it can be easily used to enhance gait speeds
and clinical research designs. However, the present study has limitations; its findings cannot be generalized because the
assessments are limited to a certain period in time, while an assessment to estimate the cut-off distance for outdoor walking
was not performed. Future studies should include assessments to estimate the cut-offs for mFAC, distance, and other factors
for outdoor walking.

REFERENCES

1)  Mehrholz J, Wagner K, Rutte K, et al.: Predictive validity and responsiveness of the functional ambulation category in hemiparetic patients after stroke. Arch
Phys Med Rehabil, 2007, 88: 1314-1319. [Medline] [CrossRef]

2)  Viosca E, Martinez JL, Almagro PL, et al.: Proposal and validation of a new functional ambulation classification scale for clinical use. Arch Phys Med Rehabil,
2005, 86: 1234-1238. [Medline] [CrossRef]

3) Bowden MG, Balasubramanian CK, Neptune RR, et al.: Anterior-posterior ground reaction forces as a measure of paretic leg contribution in hemiparetic
walking. Stroke, 2006, 37: 872—876. [Medline] [CrossRef]

4)  EnglJ, Chu KS, Dawson AS, et al.: Functional walk tests in individuals with stroke: relation to perceived exertion and myocardial exertion. Stroke, 2002, 33:
756-761. [Medline] [CrossRef]

5)  Salbach NM, Mayo NE, Higgins J, et al.: Responsiveness and predictability of gait speed and other disability measures in acute stroke. Arch Phys Med Rehabil,
2001, 82: 1204—1212. [Medline] [CrossRef]

6)  Wade DT: Measurement in neurological rehabilitation. Oxford: Oxford Medical Publications, 1992, pp 25-30.

7)  Jergensen JR, Bech-Pedersen DT, Zeeman P, et al.: Effect of intensive outpatient physical training on gait performance and cardiovascular health in people
with hemiparesis after stroke. Phys Ther, 2010, 90: 527-537. [Medline] [CrossRef]

8)  Gatti MA, Portela M, Gianella M, et al.: Walking ability after stroke in patients from Argentina: predictive values of two tests in subjects with subacute
hemiplegia. J Phys Ther Sci, 2015, 27: 2977-2980. [Medline] [CrossRef]

9) Chau RM, Chan SP, Wong YW, et al.: cAH Reliability and validity of the Modified Functional Ambulation Classification in patients with hip fracture. Hong
Kong Physiother J, 31: 41-44. [CrossRef]

2266 J. Phys. Ther. Sci. Vol. 28, No. 8, 2016


http://www.ncbi.nlm.nih.gov/pubmed/17908575?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.06.764
http://www.ncbi.nlm.nih.gov/pubmed/15954065?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.11.016
http://www.ncbi.nlm.nih.gov/pubmed/16456121?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000204063.75779.8d
http://www.ncbi.nlm.nih.gov/pubmed/11872900?dopt=Abstract
http://dx.doi.org/10.1161/hs0302.104195
http://www.ncbi.nlm.nih.gov/pubmed/11552192?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.24907
http://www.ncbi.nlm.nih.gov/pubmed/20203092?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20080404
http://www.ncbi.nlm.nih.gov/pubmed/26504338?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.2977
http://dx.doi.org/10.1016/j.hkpj.2013.01.041

10)

11)

12)

13)
14)

15)

16)
17)

18)

19)
20)

Tsang RC, Chau RM, Cheuk TH, et al.: The measurement properties of modified Rivermead mobility index and modified functional ambulation classification
as outcome measures for Chinese stroke patients. Physiother Theory Pract, 2014, 30: 353-359. [Medline] [CrossRef]

Yu WH, Liu WY, Wong AM, et al.: Effect of forced use of the lower extremity on gait performance and mobility of post-acute stroke patients. J Phys Ther Sci,
2015, 27: 421-425. [Medline] [CrossRef]

Flansbjer UB, Holmback AM, Downham D, et al.: Reliability of gait performance tests in men and women with hemiparesis after stroke. J Rehabil Med, 2005,
37: 75-82. [Medline] [CrossRef]

Lennon S, Johnson L: The modified rivermead mobility index: validity and reliability. Disabil Rehabil, 2000, 22: 833—839. [Medline] [CrossRef]

Liaw LJ, Hsieh CL, Lo SK, et al.: The relative and absolute reliability of two balance performance measures in chronic stroke patients. Disabil Rehabil, 2008,
30: 656—661. [Medline] [CrossRef]

Lu WS, Wang CH, Lin JH, et al.: The minimal detectable change of the simplified stroke rehabilitation assessment of movement measure. J Rehabil Med, 2008,
40: 615-619. [Medline] [CrossRef]

Perry J, Garrett M, Gronley JK, et al.: Classification of walking handicap in the stroke population. Stroke, 1995, 26: 982—-989. [Medline] [CrossRef]
Bijleveld-Uitman M, van de Port I, Kwakkel G: Is gait speed or walking distance a better predictor for community walking after stroke? J Rehabil Med, 2013,
45: 535-540. [Medline] [CrossRef]

van de Port IG, Kwakkel G, Lindeman E: Community ambulation in patients with chronic stroke: how is it related to gait speed? J Rehabil Med, 2008, 40:
23-27. [Medline] [CrossRef]

Lerner-Frankiel MB, Varga S, Brown MB, et al.: Functional community ambulation: what are your criteria? Clin Manage Phys Ther, 1986, 6: 12-15.

Lord SE, McPherson K, McNaughton HK, et al.: Community ambulation after stroke: how important and obtainable is it and what measures appear predictive?
Arch Phys Med Rehabil, 2004, 85: 234-239. [Medline] [CrossRef]

2267


http://www.ncbi.nlm.nih.gov/pubmed/24400683?dopt=Abstract
http://dx.doi.org/10.3109/09593985.2013.876563
http://www.ncbi.nlm.nih.gov/pubmed/25729182?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.421
http://www.ncbi.nlm.nih.gov/pubmed/15788341?dopt=Abstract
http://dx.doi.org/10.1080/16501970410017215
http://www.ncbi.nlm.nih.gov/pubmed/11197520?dopt=Abstract
http://dx.doi.org/10.1080/09638280050207884
http://www.ncbi.nlm.nih.gov/pubmed/17852318?dopt=Abstract
http://dx.doi.org/10.1080/09638280701400698
http://www.ncbi.nlm.nih.gov/pubmed/19020694?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0230
http://www.ncbi.nlm.nih.gov/pubmed/7762050?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.26.6.982
http://www.ncbi.nlm.nih.gov/pubmed/23584080?dopt=Abstract
http://dx.doi.org/10.2340/16501977-1147
http://www.ncbi.nlm.nih.gov/pubmed/18176733?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0114
http://www.ncbi.nlm.nih.gov/pubmed/14966707?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2003.05.002

