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Abstract--A Foot Function Index (FFI) was developed to measure the impact of foot 
pathology on function in terms of pain, disability and activity restriction. The FFI is 
a self-administered index consisting of 23 items divided into 3 sub-scales. Both total and 
sub-scale scores are produced. The FFI was examined for test-retest reliability, internal 
consistency, and construct and criterion validity. A total of 87 patients with rheumatoid 
arthritis were used in the study. Test-retest reliability of the FFI total and sub-scale 
scores ranged from 0.87 to 0.69. Internal consistency ranged from 0.96 to 0.73. With 
the exception of two items, factor analysis supported the construct validity of the total 
index and the sub-scales. Strong correlation between the FFI total and sub-scale scores 
and clinical measures of foot pathology supported the criterion validity of the index. 
The FFI should prove useful for both clinical and research purposes. 

Foot Function Pain Disability 

INTRODUCTION 

Complaints of foot pain are common in older 
individuals and in patients with rheumatoid 
arthritis (RA). Foot problems become a signifi- 
cant health concern at older ages. They are 
mentioned in 1.7 out of every 100 physician 
office visits made by individuals 75 and older [l]. 
The high prevalence of foot problems in the 
elderly is especially important because they ap- 
pear to increase the risk of falls [2] and falls 
result in significant mortality and morbidity in 
this age group [3]. In patients with RA, the 
estimated prevalence of foot involvement ranges 
from 20% in early to 90% in late stages of the 
disease [4,5]. Foot problems, therefore, may 
contribute substantially to the disability associ- 
ated with RA. 

*Author for correspondence. 

Reliability Validity 

Complaints of foot pain are also common in 
the general population. The U.S. Health and 
Nutrition Survey (HANES I) found that 3.2% 
of the population aged 25-74 complained of a 
foot problem [6]. Foot dysfunction in younger 
individuals is important because it affects 
worker productivity, increases risk of injury and 
can lead to monetary loss for both employer and 
employee [7]. 

Pain and difficulty performing activities of 
daily living are the most common patient com- 
plaints associated with musculoskeletal dis- 
orders of the foot. The level of pain and the 
amount of difficulty expressed by the patient are 
used to measure the severity of the problem and 
the response to treatment. Unfortunately both 
pain and difficulty performing activities of 
daily living are subjective complaints and as 
such are difficult to quantify. Inability to quan- 
tify these important aspects of foot disorders 
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presents a problem in documenting current 
status, progression of disease and the efficacy of 
treatments. 

Although several instruments currently exist 
to measure pain and disability associated with 
joint diseases, none of the available instruments 
deal specifically with problems related to the 
foot [8-121. Because the existing instruments 
measure the impact of pathology at all joints, 
the scores derived from such instruments would 
provide a very imprecise measure of the effect of 
foot joint pathology on function. The Foot 
Function Index (FFI) was developed to measure 
the impact of foot pathology on function in 
terms of pain, difficulty and activity restriction. 
Because the FFI is focused only on the foot, it 
should be more precise and more sensitive to 
change than existing instruments. 

METHODS 

Procedure 
In 1986 a multi-site clinical trial was initiated 

at five hospitals in the Chicago area to examine 
the efficacy of functional foot orthoses in pre- 
venting foot pain, deformity and disability in 
patients with rheumatoid arthritis. This study 
was designed as a 3 year trial. Foot deformity, 
pain and disability were measured at baseline 
and subjects were randomized into treatment or 
control groups. Subjects were then seen every 6 
months for the next 3 years. At each clinic visit 
subjects were examined for a number of clinical 
findings including the number of painful joints 
in the feet and ankles and hands and wrists, the 
time required to walk 50 feet and grip strength. 
In order to assess the number of painful joints 
in the feet and ankles and hands and wrists, the 
physician applied pressure to each joint and 
attempted to move it through full range of 

motion. Pain produced on either manoeuvre 
was considered a positive test. The ankle, tarsal, 
metatarsal-phalangeal (MP) and phalangeal 
(PIP) joints were assessed for the foot joint 
count. Since the MP and PIP joints were assessd 
as a unit, a total score of 8 was possible for the 
foot joint count. The wrist, MP and PIP joints 
were assessed for the hand joint count. MP and 
PIP joints were assessed separately in the hand. 
Therefore, a total score of 22 was possible for 
the hand joint count. Fifty feet walking time was 
measured by instructing the subject to walk a 
marked 50 feet distance as fast as possible. 
Performance was timed using a stop-watch. 
Grip strength was assessed using a Vigormeter 
(Elmed Inc., 60 West Fay Avenue, Addison, 
IL). Three readings were taken and averaged for 
each hand. Subjects were asked to complete a 
copy of the FFI, which is self-administered. 
Initially, patients required a short period of 
instruction to complete the index correctly. On 
subsequent administrations, the majority of 
patients were able to complete the FFI indepen- 
dently in approximately 510 minutes. Subjects 
were also given a second copy of the FFI to 
complete at home and return by mail during the 
next week. 

Subjects 

Data from 87 patients enrolled in the clinical 
trial were used in this study. All patients in- 
cluded in the study had either definite or classi- 
cal active RA [ 131, stage I or II radiological 
changes in one or both feet and were assigned 
to ARA functional class I or II [14]. Subjects 
were excluded if they were unable to follow 
instructions. Since the prevention of foot de- 
formity was an hypothesis of the study, subjects 
were also excluded if they had a fixed foot 
deformity or had surgery to correct a foot 

Table 1. Subjects screened for participation in clinical trials 

Number 
of 

status Criteria subjects Percentage 

Included 
Excluded 

Excluded 

Excluded 
Excluded 
Excluded 
Excluded 
Excluded 

Met inclusion criteria 
Did not have active 
definite or classical RA 
Had severe foot deformity 
or previous foot surgery 
Had ambulation problem 
Refused to participate 
Had other medical problem 
Too old 
Ankle ROM too limited to 
fit for orthosis 

102 16.0 
266 41.8 

180 28.3 

38 6.0 
18 2.8 
17 2.7 
9 1.4 
6 1.0 

Total 636 100.0 



PAIN SUBSCALE 
How eevere is your foot pain: 

1. When you walk barefoot? . . . . . . . . No Worst pain 
pain imaginable 

DISABILITY SUBSCALE 
How much Ultflculty did you have: 
1. Climbing stairs? . . . . . . . . . . . . . No 

difficulty 

ACTIVITY LIMITATION SUBSCALE 

How much of the time do you: 
1. Stay Indoors most of the day 
because of foot problems? . . . . . . . . . . Nont;;; the 

Foot Function Index 

So difficult 
unable 

All of the 
time 

Fig. 1. Foot Function Index sample items. 
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deformity prior to the beginning of the study 
(Table 1). 

The subjects used in this study had a mean 
age of 61 with a range from 24 to 79. Because 
most of the subjects were recruited from VA 
hospitals, 89% of the subjects were male. 

Description of the Index 

The FFI is designed to measure both current 
state, defined as the past week, and change in 
status. It consists of 23 items grouped into three 
sub-sca’les. Because the FFI was developed for 
use with a predominately elderly outpatient 
population, it was designed to be both short and 
simple. The number of items was minimized to 
reflect this consideration. The sub-scales were 
formed to provide information on three unique 
aspects of function-foot pain, disability and 
activity limitation-as they related to foot path- 
ology. Items were selected and grouped into 
sub-scales by a panel which included a rheuma- 
tologist, physical therapist and two podiatrists. 
The need to achieve adequate face validity 
strongly influenced the selection of items. Items 
were chosen to reflect the precise impact of foot 
problems on function and pain. No items were 
eliminated from the original item pool. 

Measurement dimensions 

All items are rated using a visual analogue 
scale. The visual analogue scales used in this 
instrument consisted of horizontal lines to 
which were attached no numbers or divisions. 
Verbal anchors, representing opposite extremes 
of the dimension being measured, were placed at 
either end of the line. The patient was instructed 
to place a mark on the line in a position which 
best represented his experience in the past week 
(Fig. 1). 

The Pain sub-scale measured the level of foot 
pain in a variety of situations. It contained 9 
items. The measurement dimension employed 
by this sub-scale is severity of pain. The visual 
analogue scale anchors are “no pain” and 
“worst pain imaginable”. The Disability sub- 
scale described the difficulty in performing var- 
ious activities due to foot problems. This 
sub-scale also consisted of 9 items. The 
measurement dimension used for this sub-scale 
is degree of difficulty. The anchors for the visual 
analogue scale are “no difficulty” and “so 
difficult unable”. The Activity Limitation sub- 
scale addressed activity limitations due to foot 
problems. It consisted of 5 items and the dimen- 
sion of measurement for this scale is frequency. 
The anchors for the scale are “none of the time” 
and “all of the time”. 

Scoring system 

The FFI’s scoring system is based on the 
assumption that the severity of an impairment 
in foot function is determined both by the 
number of situations in which the patient ex- 
periences pain, difficulty or activity limitation 
due to a foot problem as well as by the intensity 
of that experience in each situation. A score is 
derived for each item by dividing the attached 
horizontal line into 10 equal segments and 
assigning a number ranging from 0 to 9 to each 
segment. To obtain a sub-scale score, the item 
scores for a sub-scale are totaled and then 
divided by the maximum total possible for all 
of the sub-scale items which the patient indi- 
cated were applicable. If a subject indicated that 
he did not perform an activity such as walking 
barefoot or wearing an orthotic, that item 
was marked as not applicable. Any item marked 
as not applicable is excluded from the total 
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possible. To eliminate the decimal point, 
the score is multiplied by 100. Therefore, 
sub-scale scores range from 0 to 100 with 
higher scores indicating greater impairment. 
A total foot function score is derived by cal- 
culating the average of the three sub-scale 
scores. 

DATA ANALYSIS 

Consistency 
The test-retest reliability of the FFI was 

examined to determine if the scores derived 
were relatively stable over periods of time 
short enough that little real clinical change 
could be expected. Forty-six per cent of 
the subjects correctly completed and returned 
the second copy of the FFI. There were 
no significant differences between subjects 
who returned the instrument and those who 
did not in terms of age, randomization status, 
facility where enrolled or any FFI sub-scale 
score. An intraclass correlation coefficient (ICC) 
and 95% confidence interval (CI) were calcu- 
lated to determine the agreement between total 
and sub-scale scores obtained during the clinic 
visit and those obtained at home 1 week later 
[15, 161. 

Subjects completed the FFI during each clinic 
visit. Data from the first FFI completed by each 
subject were used to examine internal consist- 
ency by calculating Cronbach’s alpha for the 
three sub-scales and the total index [17]. 

Construct validity 

The FFI sub-scales were constructed so as to 
have face validity in measuring three constructs: 
foot pain (P), foot disability (D) and activity 
limitation due to foot problems (A). Table 4 
presents this a priori classification of items 
coded to indicate the sub-scale to which each 
item was assigned. To examine the construct 
validity of this classification empirically, we first 
performed a principal components factor analy- 
sis to estimate the number of uncorrelated fac- 
tors. We then performed a varimax rotation 
designed to estimate the number of correlated 
factors. Our original expectation was to find one 
major, global factor representing overall foot 
function. This global factor would be composed 
of three sub-scales or correlated factors repre- 
senting foot pain, foot disability and activity 
limitation due to foot problems. The first ad- 
ministration of the FFI was used for all factor 
analysis. 

Criterion validity 

Criterion validity was examined by compar- 
ing the actual to the expected strength of the 
association between FFI total and sub-scale 
scores and foot joint count, 50 feet walking time 
and grip strength. These clinical findings are 
traditionally used as outcome measures in stud- 
ies involving patients with arthritis [18]. Pain 
and difficulty performing activities are largely 
subjective phenomena but they should be 
reflected in clinical findings such as the number 
of painful foot joints and the time required to 
walk 50 feet. Further, if the sub-scales did 
measure somewhat different aspects of foot 
function, then individual sub-scale scores 
should correlate more strongly with certain 
clinical findings than with others. If the total 
score were valid in its measurement of foot 
function, it should correlate positively with the 
number of painful foot joints and with the time 
to walk 50 feet. It should not, however, correlate 
as strongly with grip strength or hand joint 
count, which should be more highly correlated 
with upper extremity function. 

Change in status 

The ability of the FFI to detect changes in 
clinical status was explored by examining the 
association between changes in a relatively ob- 
jective measure of disease activity, the number 
of painful foot joints, and changes in the FFI 
total and sub-scale scores over a period of 
6 months, 

RESULTS 

Descriptive statistics 
The Disability sub-scale demonstrated the 

largest range as well as the highest mean score, 
41.36. The Activity Limitation sub-scale had the 
lowest mean score and smallest range (Table 2). 

Consistency 

The strongest test-retest agreement was 
found for the total score ICC = 0.87. Agreement 
between sub-scale scores at times 1 and 2 were 
strong for the Activity Limitation and Disability 
sub-scales; ICC = 0.81 and ICC = 0.84 respect- 
ively. The test-retest reliability for the Pain 
sub-scale was lower; ICC = 0.695 (Table 3). 

The internal consistency of the total index 
and of the sub-scales was examined using 
Cronbach’s alpha. The total index demon- 
strated strong internal consistency as indicated 
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Table 2. Descriptive statistics for FFI total and sub-scale scores 

Standard 
Scale Mean deviation Minimum Maximum n 
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Pain 29.71 28.13 0.00 91.00 86 
Disability 41.36 30.74 ::: 100.00 86 
Activity Limitation 14.94 19.13 73.00 86 
Total Score 28.09 23.26 0.00 77.61 86 

Table 3. FFI total and sub-scale reliability: test-retest 
and internal consistency 

Test-retest Internal 
ICC* consistency 

CL%? AlphaS 
Scale n n 

Pain 0.695 0.9460 
(0.534.81) 

39 86 

Disability 0.84 0.9276 
(0.740.90) 

40 86 

Activity Limitation 0.81 0.7327 
(0.7KO.88) 

40 86 

Total Score 0.87 0.9556 
(0.79-0.92) 

39 86 

*Intraclass correlation coefficient. 
tconfidence interval (95%). 
$Cronbach’s alpha coefficient. 

by an alpha of 0.9556. The Disability and 
Pain sub-scales also demonstrated strong 
internal consistency with alphas of 0.9460 
and 0.9276 respectively. The Activity Limita- 
tion sub-scale appears to be somewhat 
less internally consistent in that it only 
achieves an alpha of 0.7327 (Table 3). In no 
instance did dropping one of the items from 
a sub-scale appreciably improve the Cronbach’s 
alpha. 

Items in both the Pain and Disability 
sub-scales demonstrated moderate to high 
levels of correlation between sub-scale items. 
As might be anticipated from its lower 
Cronbach’s alpha, the correlation between 
Activity Limitation sub-scale items ranged 
from moderate to insignificant (Tables 4, 5 
and 6). 

Table 4. Pain sub-scale correlation matrix 

Worst 

Pain Pain Pain Foot 
Pain Pain walking Pain walking standing pain 

Worst Morning walking standing with standing with with at end 
foot pain foot pain barefoot barefoot shoes with shoes orthotics orthotics of day 

0.5186* 0.6057 0.5884 0.6921 0.6802 0.5572 0.5817 0.6720 
foot pain 

Morning 
foot pain 

Pain 
walking 
barefoot 

0.0001t 0.0001 0.0001 
85$ 85 84 

0.7060 0.5992 
0.0001 0.0001 

84 83 

0.8049 
0.0001 

83 

0.6414 0.5450 0.5571 
0.0001 0.0001 0.0001 

83 83 82 

Pain 0.5375 0.5625 0.6030 
standing 0.0001 0.0001 0.0001 
barefoot 83 82 81 

Pain 
walking 
with shoes 

0.8926 0.7357 
0.0001 0.0001 

82 81 

Pain 
standing 
with shoes 

0.7253 
0.0001 

81 

Pain 
walking with 
orthotics 

Pain 
standing with 
orthotics 

0.0001 
84 

0.6611 
0.0001 

83 

0.0001 
84 

0.5338 
0.0001 

83 

0.0001 
83 

0.568 1 
0.0001 

82 

0.0001 
83 

0.0001 
86 

0.5523 0.5628 
0.0001 0.0001 

82 85 

0.4948 
0.0001 

82 

0.6093 
0.0001 

81 

0.7089 
0.0001 

81 

0.7616 
0.0001 

81 

0.9372 
0.0001 

83 

0.5994 
0.0001 

85 

0.6474 
0.0001 

84 

0.6776 
0.0001 

81 

0.6468 
0.0001 

84 

0.7438 
0.0001 

83 

0.7519 
0.0001 

83 

*Pearson correlation coefficient. 
7~ Value. 
$Number of subjects. 
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Table 5. Disability sub-scale correlation matrix 

Walk in Walk Walk four Climb Descend Stand on Up from Climb Run or 
house outside blocks stairs stairs tip toe chair curbs walk fast 

Walk in 
house 

Walk 
outside 

Walk four 
blocks 

Climb 
stairs 

Descend 
stairs 

Stand on 
tip toe 

Up from 
chair 

Climb 
curbs 

0.6637* 0.4788 0.6011 
0.0001t 0.0001 0.0001 

863 84 86 

0.6707 0.5914 
0.0001 0.0001 

84 86 

0.6102 
0.0001 

84 

0.6113 
0.0001 

84 

0.6175 
0.0001 

84 

0.4941 
0.0001 

78 

0.6044 
0.0001 

78 

0.6160 0.6788 
0.0001 0.0001 

82 77 

0.8505 0.5915 
0.0001 0.0001 

84 78 

0.6159 
0.0001 

77 

0.5515 0.5247 
0.0001 0.0001 

86 86 

0.4840 0.6792 
0.0001 0.0001 

86 86 

0.4899 0.5577 
0.0001 0.0001 

84 84 

0.5614 0.5915 
0.0001 0.0001 

86 86 

0.6499 0.6372 
0.0001 0.0001 

84 84 

0.5107 0.6469 
0.0001 0.0001 

78 78 

0.5764 
0.0001 

86 

0.5208 
0.0001 

82 

0.6454 
0.0001 

82 

0.6471 
0.0001 

81 

0.6669 
0.0001 

82 

0.6461 
0.0001 

80 

0.7046 
0.0001 

76 

0.5512 
0.0001 

82 

0.5909 
0.0001 

82 

*Pearson correlation coefficient. 
tp Value. 
$Number of subjects. 

Construct validity 

A principal components factor analysis with- 
out rotation produced two main factors. All items 
from the Disability and Pain sub-scales and three 
items from the Activity Limitation sub-scale 
loaded strongly on the first factor. The remaining 
2 items from the Activity Limitation sub-scale 
loaded strongly on a second factor (Table 7). 

Pain sub-scale loaded most strongly on factor 1 
while all items from the Disability sub-scale 
loaded most strongly on factor 2. Three items 
from the Activity Limitation sub-scale loaded on 
factor 3 while the remaining two items loaded on 
factor 4 (Table 8). 

Criterion validity 

Factor analysis with varimax rotation pro- The strength of the correlation between the 
duced four separate factors. All items from the total score and foot joint count and 50 feet 

Table 6. Activity Limitation sub-scale correlation matrix 

Use device Use device Stay inside Stay in bed Limit 
indoors outdoors all day all day activities 

Use device 
indoors 

Use device 
outdoors 

Stay inside 
all day 

Stay in bed 
all day 

0.6977* 0.1966 0.0257 0.3141 
0.0001t 0.0713 0.8144 0.0034 

841 85 86 85 

0.2621 0.11275 0.3838 
0.0164 0.3072 0.0003 

83 84 83 

0.5653 0.8108 
0.0001 0.0001 

85 84 

0.3714 
0.0005 

85 

*Pearson correlation coefficient. 
tp Value. 
INumber of subjects. 
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Table 7. Construct validity: principal components factor 
analvsis without rotation 

All items are listed under the factor for which they have the 
strongest loading. The original sub-scale to which the item 
was assigned is designated as follows: 
(P) Foot Pain sub-scale 
(D) Disability sub-scale 
(A) Activity Limitation sub-scale 

Factor 1 
Factor 
loadina 

Foot pain at worst 0.7501 
Foot pain in morning 0.7453 
Pain walking barefoot 0.7539 
Pain standing barefoot 0.7994 
Pain walking with shoes 0.8361 
Pain standing with shoes 0.8062 
Pain walking with orthotics 0.8837 
Pain standing with orthotics 0.8538 
Foot pain end of day 0.8002 
DiEculty walking in house 0.6779 
Difficulty walking outside 0.7866 
DifRculty walking 4 blocks 0.7502 
DEiculty climbing stairs 0.7407 
Difficulty descending stairs 0.8085 
Difficulty standing tip toe 0.8192 
Difficulty getting up from chair 0.7501 
Diiculty climbing curbs 0.8442 
Difficulty walking fast 0.7474 
Stay inside all day because of feet 0.6461 
Stay in bed all day because of feet 0.5169 
Limit activities because of feet 0.7348 

Factor 2 

(A) Use assistive device indoors 
(A) Use assistive device outdoors 

OS692 
0.7026 

n = 86. (A) Activity Limitation sub-scale 

walking time was moderate; r = 0.5290 and 
r = 0.4785. The time to walk 50 feet was most 
strongly correlated with the Disability sub-scale 
and was significantly, but less strongly, corre- 
lated with the Pain and the Activity Limitation 
sub-scales (Table 9). The painful foot joint 
count correlated most strongly with the Pain 
sub-scale but also correlated fairly strongly with 
the Disability and Activity Limitation sub- 
scales (Table 9). As predicted, the painful hand 
joint count demonstrated the weakest corre- 
lation with FFI total and sub-scale scores. It 
was however moderately correlated with the 
foot joint count and grip strength. The corre- 
lation between grip strength and the Pain 
sub-scale was low, as was anticipated. However, 
grip strength was moderately correlated with 
both the Disability and Activity Limitation 
sub-scales. 

Change in status 

Changes over a period of 6 months in the 

ately with changes in the FFI total and Pain 
sub-scale scores (Table 10). Changes in the 
number of painful foot joints correlated signifi- 
cantly, although weakly, with changes in the 
Activity Limitation sub-scale score. However, 
changes in the foot joint count did not correlate 
with the changes in the Disability sub-scale 
score. 

DI!XUSSION 

The FFI is self administered, therefore, vari- 
ation due to multiple raters cannot occur. When 
the same subject completes the FFI at two 
different times, a substantial level of agreement 
is achieved. The lowest level of agreement 
is found for the Pain sub-scale. This finding 
may well reflect the fact that pain fluctuates 
more than does disability or activity limitation. 
The lower strength of correlation for the Pain 

Table 8. Construct validity: principal components factor 
analysis with varimax rotation 

All items are listed under the factor for which they have the 
strongest loading. The original sub-scale to which the item 
was assigned is designated as follows: 
(P) Foot Pain sub-scale 
(D) Disability sub-scale 

Factor 1 

(P) Foot pain at worst 
(P) Foot pain in morning 
(P) Pain walking barefoot 
(P) Pain standing barefoot 
(P) Pain walking with shoes 
(P) Pain standing with shoes 
(P) Pain walking with orthotics 
(P) Pain standing with orthotics 
(P) Foot pain end of day 

Factor 2 

Rotated 
factor 

loading 

0.7166 
0.6879 
0.7446 
0.8219 
0.7589 
0.7549 
0.7962 
0.8467 
0.7933 

(D) Difficulty walking in house 
(D) Difficulty walking outside 
(D) Difficulty walking 4 blocks 
(D) Difficulty climbing stairs 
(D) Difficulty descending stairs 
(D) Difficulty standing tip toe 
(D) Difficulty getting up from chair 
(D) Difficulty climbing curbs 
(D) Difficulty walking fast 

Factor 3 

0.7488 
0.7489 
0.8190 
0.6766 
0.7074 
0.4964 
0.6385 
0.X00 
0.7319 

(A) Stay inside all day because of feet 
(A) Stay in bed all day because of feet 
(A) Limit activities because of feet 

Factor 4 

0.8669 
0.5594 
0.6863 

(A) Use assistive device indoors 0.9196 
(A) Use assistiw device outdoors 0.8213 

number of painful foot joints correlated moder- n = 86. 
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Table 9. Criterion validity: correlation matrix describing expected (upper right) and actual (lower left) relationships between 
FFI and clinical measures 

Total score 

Foot pain 

Foot 
disability 

Activity 
limitation 

Foot joint 
count 

Walking 
time 

Grip 
strength 

Hand joint 
count 

Foot Hand 
Total Foot Foot Activity joint Walk Grip joint 
score pain disability limitation count time strength count 

Very Very Very Mod3 Mod Low5 Low 
high* high high 

0.902711 Hight High Mod Low Low Low 
0.0001** 

87tt 
0.9373 0.7565 High Mod Mod Low Low 
0.0001 0.0001 

87 87 

0.8417 0.6323 0.7246 Mod Mod Low Low 
0.0001 0.0001 0.0001 

87 87 87 

0.5290 0.5380 0.4316 0.4272 Low Low Mod 
0.0001 0.0001 0.0001 0.0006 

61 61 61 61 

0.4785 0.3425 0.5052 0.4229 0.3328 Low Very 
0.0002 0.0091 0.0001 0.0010 0.0139 1owq 

57 57 57 57 57 

-0.4741 -0.3663 -0.4763 -0.4224 -0.4026 -0.3866 Mod 
0.0001 0.0034 0.0001 0.0009 0.0013 0.0030 

62 62 62 62 61 57 

0.3256 0.2962 0.3055 0.2510 0.4658 0.0833 -0.3977 
0.0104 0.0204 0.0167 0.0510 0.0002 0.5379 0.0015 

61 61 61 61 61 57 61 

*1.00X).80. 
t0.79-0.60. 
$0.59-0.40. 
$0.39-0.20. 
TO. 19-O. 
[[Pearson correlation coefficient. 
**p Value. 
ttNumber of subjects. 

Table 10. Ability to detect change in status: correlation between changes in the 
foot joint count and changes in FFI scores over a period of 6 months 

Activity Foot 
Pain Disability limitation joint 
score score score count 

change change change change?? 

Total score$ 0.7414’ 0.7899 0.4330 0.4497 
change 0.0001t 0.0001 0.0042 0.0028 

42$ 42 42 42 

Pain score7 0.3079 -0.0591 0.4670 
change 0.0473 0.7100 0.0018 

42 42 42 

Disability score11 0.2594 0.1065 
change 0.0972 0.5022 

42 42 

Activity limitation** 0.3397 
score change 0.0277 

42 

*Pearson correlation coefficient. 
tp Value. 
INumber of subjects. 

Range 

Min Max 
\ 

Ii 
-40.33 -60.00 95.00 38.00 

-78.00 57.00 

:; -38.00 -6.0 52.00 8.0 
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sub-scale may reflect, at least in part, real change 
in status. 

The FFI demonstrates a high level of internal 
consistency both for the total index and for the 
three sub-scales. This indicates that the items all 
contribute to the measurement of the same 
phenomenon. The fact that the Activity Limi- 
tation sub-scale is somewhat less internally con- 
sistent than the other two sub-scales may 
indicate that it measures aspects of function less 
related to foot problems than do the other 
sub-scales. 

The results of the factor analysis support the 
construct validity of the FFI. With the excep- 
tion of two, all items loaded onto one factor 
indicating that the total FFI measures one 
construct. Factor analysis with a varimax ro- 
tation produces strong evidence to support the 
construct validity of the Pain and Disability 
sub-scales in that items on these sub-scales 
loaded most strongly on separate factors. The 
items on the Activity Limitation sub-scale split 
between two factors. This finding, coupled with 
its lower internal consistency, suggests that the 
Activity Limitation sub-scale may not actually 
measure one distinct construct. 

It is difficult to directly examine the criterion 
validity of an instrument which measures a 
subjective phenomenon. The clinical findings 
used to validate the FFI would not be expected 
to correlate perfectly with a measure of foot 
function since both the number of painful foot 
joints and the time to walk 50 feet influence and 
are influenced by a variety of factors other than 
foot function. Thus, the moderate levels of 
correlation that were obtained were consistent 
with expectation. Each of the FFI sub-scales 
correlates most strongly with the clinical 
measure having greatest face validity for that 
sub-scale. More specifically, the Pain sub-scale 
correlates most strongly with the number of 
painful foot joints and the Disability sub-scale 
correlates most strongly with the time to walk 
50 feet. All of the FFI sub-scales correlate 
weakly with the hand joint count. This is con- 
sistent with the premise that the sub-scales 
measure foot function and therefore, should not 
be correlated with a clinical measure reflecting 
upper extremity function. The unexpected 
moderate association between grip strength and 
Disability and Activity Limitation sub-scale 
scores may be due to the systemic nature of RA 
demonstrated by the r = 0.47 correlation be- 
tween the foot joint count and the hand joint 
count coupled with the fact that a general 

decrease in muscular power would impact both 
grip strength and foot function (Table 5). Over- 
all, the combination of these findings increases 
confidence that the FFI does, in fact, measure 
foot function. 

Over a period of 6 months, the subjects in this 
study demonstrated changes in clinical status, as 
measured by the number of painful foot joints, 
which ranged from marked improvement to 
marked deterioration. The ability of the FFI to 
detect such changes in clinical status was sup- 
ported by the moderately strong correlation 
between changes in foot joint count and changes 
in the FFI total and Pain sub-scale scores. 
However, changes in foot joint count correlated 
weakly or not at all with changes in Disability 
and Activity Limitation sub-scale scores. It is 
interesting to note that, over a period of 6 
months, changes in the Pain subdscale score did 
not correlate strongly with changes in the Dis- 
ability or Activity Limitation sub-scale scores. It 
is possible that, over a relatively short period of 
time, the lack of correlation between changes in 
the number of painful foot joints and changes in 
disability and activity limitation reflects clinical 
reality. 

CONCLUSION 

The FFI is an easily administered clinical 
index which provides a practical method of 
measuring foot function in an outpatient setting. 
The FFI consists of three sub-scales, two of 
which appear to measure different, though re- 
lated, aspects of foot function. The contribution 
of the Activity Limitation sub-scale to the 
measurement of foot function is not clear. The 
two items of the sub-scale which did not appear 
to fit with the rest of the FFI dealt with the use 
of an assistive device. It is possible that the use 
of an assistive device does not imply limitation 
or difficulty performing an activity. The use of 
a device may in fact facilitate activity and 
decrease perceived difficulty and pain. It is also 
possible this finding may be unique to patients 
with rheumatoid arthritis (RA) who frequently 
have involvement of other lower extremity joints 
in addition to the feet. In situations where the 
subject had involvement of lower extremity 
joints other than the feet and ankles, instructions 
were given to consider only foot related prob- 
lems when completing the FFI. However, it is 
certainly difficult to determine how often one 
uses a cane because of foot problems as com- 
pared to knee problems if both are present. 
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The FFI was developed to measure the im- 
pact of foot pathology on function, but nothing 
in its design was specific to RA as the source of 
that pathology. Therefore, we anticipate that 
the results of this study could be generalized to 
non-RA subjects with foot pain. However, it 
would be useful to test the FFI in a population 
of individuals with degenerative joint disease of 
the feet to help clarify the usefulness of the 
Activity Limitation sub-scale. 

The FFI has good test-retest properties indi- 
cating that it produces consistent information. 
Examination of both construct and criterion 
validity indicates that the FFI does in fact 
measure what it is intended to measure. The FFI 
also appears able to detect changes in clinical 
status occuring over relatively short periods of 
time. The FFI should therefore prove to be a 
useful instrument both in clinical practice and in 
clinical research. 
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