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Abstract A psychometrically sound and easily applicable mobility outcome measure is crucial
for evaluating patient performance and efficacy of rehabilitative treatment. The Modified
Functional Ambulation Classification (MFAC) is an assessment tool designed to categorize
functional ambulation ability. This study aimed to evaluate the reliability and concurrent
validity of the MFAC in patients with hip fracture in a rehabilitation hospital setting. A total
of 122 patients with hip fracture, aged 81.3 � 6.5 years, were evaluated using the MFAC and
Elderly Mobility Scale (EMS). Inter-rater reliability was assessed by administering the MFAC to
the same patients by two independent raters. Intraclass correlation (2,1) was used to calcu-
late inter-rater reliability, and the Spearmen correlation was used to assess the correlation
between MFAC and EMS scores (i.e., concurrent validity). The results revealed that the MFAC
categories provided by the two raters were highly reliable (intraclass correlation coefficient
(ICC) Z 0.960, 95% confidence interval: 0.942-0.972, p < 0.001). The MFAC scores were also
significantly correlated with the EMS scores (r Z 0.814, p < 0.001). In conclusion, the MFAC
demonstrated good reliability and concurrent validity in patients with hip fracture.
Copyright ª 2013, Hong Kong Physiotherapy Association Ltd. Published by Elsevier
(Singapore) Pte Ltd. All rights reserved.
Introduction

Hip fracture is a prevalent condition that creates consid-
erable medical and socioeconomic burden. Among older
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adults, within 3 months of a hip fracture, the risk of
mortality was found to increase by up to four times [1].
Hip fractures account for about 300,000 hospitalizations
every year in the United States [1]. Given the ageing
population and thus the increasing number of older people
worldwide, the total number of hip fracture cases and
their economic consequences are likely to rise sub-
stantively. Moreover, a good proportion of survivors of hip
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fracture will become more functionally dependent with a
need to be institutionalized. These factors may translate
into an immense fiscal burden on the health care system
and society that can only be projected to rise even further
in the future [2].

Similar to other countries, Hong Kong is also facing
similar burden caused by hip fractures. From 1966 to 1995,
the total number of hip fracture cases in Hong Kong
increased by 2.7 fold among people who were 50 years and
older [3]. The incidence of hip fractures has shown a con-
tinual increase over the recent 5 years, as retrieved from
the Clinical Data Analysis and Reporting System (CDARS) of
the Hospital Authority (HA) in Hong Kong. In the 2011/12
financial year, there were 9459 hip-fracture related in-
patient discharges and deaths. The total length of stay
for discharged in-patients was 164,905 days [4].

The seriousness of disability related to ambulatory
function has been reported consistently across different
studies on patients with hip fracture [5,6]. The dependency
in functional activities of daily living persisted after a
fracture for over 1 to 2 years [5,6]. Regaining functional
mobility is often the primary goal of the patients after hip
fracture during the rehabilitation process, and it is a crit-
ical factor in discharge planning. Safe ambulation is con-
sidered essential for effective functioning. All daily tasks
such as preparing meals, cleaning up, dressing, or doing
household chores depend on the ability to manoeuvre
safely and effectively. Physiotherapists play an important
role in facilitating the recovery of ambulatory function in
patients after a hip fracture. A psychometrically sound and
easily applicable ambulation outcome measure is crucial
for evaluating patient performance and efficacy of reha-
bilitative treatment.

Several ambulation classification systems for evaluating
ambulation ability were described in previous studies.
These systems were designed to grade the walking ability
of stroke patients or other patient groups [7e12]. In Hong
Kong, the Coordinating Committee in Physiotherapy of the
Hospital Authority developed a modified version of the
Functional Ambulation Classification (MFAC) for stroke
patients [13]. The MFAC is a 7-point Likert Scale (I to VII)
that is used to classify a patient’s walking capacity (see
Appendix 1). Gait is divided into seven categories, ranging
from no ability to walk and requires manual assistance to
sit or is unable to sit for 1 minute without back or hand
support (MFAC I) to the ability to walk independently on
level and non-level surfaces, stairs, and inclines (MFAC
VII). The professional staff of Hospital Authority had used
the MFAC to assess ambulation for several years. However,
no published study has assessed the reliability and validity
of the MFAC among patients with hip fracture. This study
was thus undertaken to evaluate the reliability and validity
of the MFAC in patients who had sustained a hip fracture.

Methods

Patients

One hundred and twenty-two patients with hip fracture
participated in this study. They were all recruited from the
Department of Rehabilitation of Kowloon Hospital, Hong
Kong. For inclusion in the study, the person had to be 60
years of age or older and should have sustained a recent low
impact osteoporotic fracture of the proximal femur, which
was surgically repaired up to 4 weeks before recruitment.
The exclusion criteria were unstable conditions, including
malignancy, tuberculosis, mental incapacitation, and
inability to communicate. Written, informed consent was
obtained from the patients. The study was approved by the
ethics committee of Kowloon Central and Kowloon East
Clusters of the Hospital Authority in Hong Kong.

Inter-rater reliability

The walking capacity of each patient was assessed using the
MFAC upon discharge from the hospital. The inter-rater
reliability was assessed by two raters on the same day,
including the case-treating physiotherapist (Rater 1) and
one independent physiotherapist who was not involved in
providing treatment to the patients (Rater 2).

Concurrent validity

To assess concurrent validity, the MFAC scores were cor-
related with the Elderly Mobility Scale (EMS) scores. High
validity and inter-rater reliability of the EMS were dem-
onstrated in frail elderly people. Concurrent validity was
established previously by correlating the EMS scores with
other indexes of global and functional ability, such as the
Bathel Index (BI) [14]. In fact, the EMS was better than BI
for detecting the mobility improvements, indicating that it
is a responsive tool to assess changes in patient condition
[15]. Good inter-rater reliability of the EMS was also
demonstrated in a sample of people with acute medical
problems [16]. The EMS is widely used to assess mobility
functions in patients with acute medical pathologies [17]
and with hip fracture [18,19]. In this study, the EMS
was administered to each patient on the same day as the
MFAC and it was done by the same independent
physiotherapist.

Data analysis

Data analyses were conducted using PASW Version 18.0 for
Windows (SPSS Inc., Chicago, USA). Intraclass correlation
(2,1) was used to assess the degree of inter-rater reliability,
and the Spearman correlation test was used to assess con-
current validity.

Results

Inter-rater reliability

One hundred and twenty-two participants (42 men and 80
women) aged 66e98 years (mean age Z 81.3, SD � 6.5)
participated in the study. The characteristics of the
patients are displayed in Table 1.

The MFAC categories allocated by the case-treating
physiotherapist (median: V or 5) and the independent



Table 1 Patient characteristics

Variable Value

Sex, n (%)
Men 42 (34.4%)
Women 80 (65.6%)

Age, mean (SD) 81.3 (6.5)
Pre-surgery mobility status, n (%)

Unaided 55 (45.1%)
Cane 57 (46.7%)
Quadripod 5 (4.1%)
Walking frame 3 (2.5%)
Manual assistance 2 (1.6%)

Pre-surgery residence, n (% )
Own home 119 (97.5%)
Old age home 3 (2.5%)
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physiotherapist (median: VI or 6) ranged from II (or 2) to VII
(or 7) upon discharge (Table 2). Upon discharge, about half
of the patients could transfer, turn, and walk independ-
ently on level ground (Table 2). The results revealed that
the MFAC was a reliable tool for assessing the participants
with hip fracture (intraclass correlation coefficient
(ICC) Z 0.960, 95% confidence interval Z 0.942e0.972 ,
p < 0.001).

Concurrent validity

The EMS scores ranged from 3 to 20 (mean Z 12.6,
SD � 4.9). The results revealed a significant correlation
between the MFAC and EMS scores (r Z 0.814, p < 0.001),
thus demonstrating concurrent validity.

Discussion

This is the first study to evaluate the inter-rater reliability
and concurrent validity of MFAC, and the results showed
that the MFAC had good inter-rater reliability and validity.
The reliability and validity of different ambulation classi-
fication systems were demonstrated in previous studies.
The Functional Ambulation Classification (FAC) had a good
inter-rater reliability (k Z 0.74) [10] and so did the Modi-
fied Emory Functional Ambulation Profile (ICC Z 0.999) [9].
Table 2 MFAC scores

MFAC categories Rater 1 Rater 2

I, n 0 0
II, n 5 5
III, n 6 6
IV, n 24 20
V, n 27 20
VI, n 57 68
VII, n 3 3

MFAC Z Modified Functional Ambulation Classification.
The FAC was developed at Massachusetts General Hospital
in Boston as an instrument for categorizing functional
ambulation ability [7]. Gait was divided into six categories,
ranging from no ability to walk or the ability to walk with
the help of two or more people (FAC 0) to the ability to walk
independently (FAC 5). Among the several ambulation
classification systems, the FAC showed excellent reliability
(test-retest reliability, Cohen k Z 0.950; and inter-rater
reliability, k Z 0.905), good concurrent and predictive
validity, and good responsiveness in patients with hemi-
paresis after stroke [12]. Since FAC has been shown to be an
appropriate assessment tool in the measurement of walking
ability, we adapted it for local use. The original category of
“non-functional ambulation” in FAC was expanded to two
categories in MFAC to differentiate those patients who was
able to sit unsupported from those who were unable. This
discrimination of people with different sitting balance
abilities was considered to have significant clinical impli-
cations for patient care. It was thus suggested by a group of
local experts to expand the “non-functional ambulation”
category into two categories [13]. In the present study, high
inter-rater reliability and concurrent validity was demon-
strated in MFAC, just as in FAC.

The MFAC, being an easy-to-use and inexpensive out-
come measure, can be readily incorporated into routine
clinical practice in the management of patients with hip
fracture. It provides a standardized and simple way to
communicate an individual’s mobility status (e.g., category
I to VII) to other professional staff.

The evidence from this study supports the use of the
MFAC scale to measure the mobility of patients with hip
fracture in the rehabilitation hospital setting. Further
investigations may develop applications of the MFAC for
patients in different disease groups. Future study is also
required to identify clinically meaningful changes in MFAC
scores and explore the use of MFAC scores to predict the
timing of hospital discharge.

This study had its limitations. First, the participants
were recruited from one local hospital only, which may
result in sampling bias. The patients with hip fracture in
this study may have very different characteristics from
their counterparts in other clinical units. Therefore, the
results can only be generalized to people with similar
characteristics in a similar clinical setting. Second, intra-
rater reliability was not assessed and will require further
examination.
Conclusion

This study showed that MFAC is a psychometrically sound
assessment tool to measure ambulatory function in patients
with hip fracture in a rehabilitation hospital setting. The
MFAC is neither expensive nor difficult to apply and can be
easily incorporated in daily clinical practice.
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Appendix 1 Modified Functional Ambulation Classification (MFAC)

Categories Stage Definition

I Lyer Patient cannot ambulate and requires manual assistance to sit, or is unable to sit for 1 minute
without back or hand support, with the bed or plinth height allowing hips, knees, and ankles
positioned at 90� and both feet flat on the floor.

II Sitter Patient is able to sit for 1 minute without back or hand support and is unable to ambulate with
the help of only one person.

III Dependent walker Patient requires manual contacts of no more than one person during ambulation on level
surfaces to prevent falling. Manual contacts are continuous and necessary to support body
weight as well as to maintain balance and/or assist coordination.

IV Assisted walker Patient requires manual contacts of no more than one person during ambulation on level
surfaces to prevent falling. Manual contacts are continuous or intermittent light touch is
required to assist balance and/or coordination.

V Supervised walker Patient can ambulate on level surfaces without manual contact of another person, but for
safety reasons, he/she requires standby guarding or verbal cuing of no more than one person.

VI Indoor walker Patient can transfer, turn and walk independently on level ground, but requires supervision or
physical assistance to negotiate any of the following: stairs, inclines, or uneven surfaces.

VII Outdoor walker Patient can ambulate independently on level and non-level surfaces, stairs, and inclines.
Note: This classification does not take account of any aid used.
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