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Clinicians evaluated the usefulness of footprint-sequence analysis in 25 lower-
limb amputees who were all prostheses wearers. The patients walked at a 
comfortable speed with their usual walking aids along a 2.24-m footprint-record
ing strip. Each patient's physical therapist and physician indicated on visual-
analogue scales how useful they judged both raw and derived data to be in 
problem solving and as documentation for future comparison. Both groups of 
clinicians found this type of analysis moderately useful. We found no significant 
difference, but moderate correlation (r = .61, p < .01), between their estimates 
of usefulness for problem solving and for future documentation. They considered 
the derived data slightly, but significantly, more useful than the raw data (t = 
4.20, p < .001). We found no significant difference or correlation between the 
estimates of physical therapists and those of physicians. The clinicians ranked 
pressure distribution, stride width, step length, foot angle, and stride length in 
order of perceived usefulness. Footprint-sequence analysis appears to be a 
moderately useful adjunct to the evaluation and documentation of the walking 
problems of lower-limb amputees. Both raw and derived data should be made 
available to the physical therapists and physicians caring for these patients. 
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Rehabilitation teams spend considerable time and effort 
trying to solve the walking problems that commonly affect 
lower-limb amputees. Techniques available for the clinical 
evaluation of gait range from simple descriptive analysis by 
the clinician to highly technical methods, such as the use of 
force platforms, EMG, and high-speed cinematography. One 
of the oldest and simplest methods is the study of footprints.1,2 

Unfortunately, in the clinical setting, the most often used 
recording media—water, sand, ink, foil, and chalk dust—are 
either messy or do not provide a compact, permanent record 
or both.3-5 Some newer methods, although elegant, are expen
sive and therefore are not widely available.6-10 A recently 
introduced, inexpensive, commercially available system, 
which uses carbon paper and cellophane, appears to circum
vent some of these difficulties and makes the study of foot
prints more practical. 

Practicality, although necessary, is not sufficient to justify 
the adoption of an evaluation method. A technique must also 
provide clinically relevant new information that is understood 

by the individuals who must act on the basis of this new 
information. A method that meets this criterion can be said 
to be clinically useful. 

We hypothesized that 1) footprint-sequence analysis would 
be clinically useful for both immediate problem solving and 
documentation for future comparisons, 2) both the footprints 
and the data derived from footprint analysis would be useful, 
and 3) the information would be judged useful by both 
physical therapists and physicians. 

The object of this experimental study was to test these 
hypotheses in a clinical group of lower-limb amputees with 
walking problems. 

METHODS 

Subjects 
We studied consecutively 25 lower-limb amputees who used 

prostheses and were being evaluated for walking problems or 
trained in the use of a new prosthesis in the amputee program 
of the Nova Scotia Rehabilitation Centre. They were 19 men 
and 6 women, with a mean (± 1 s) age of 61 (± 18) years 
(range 15-84 years). Twenty-three had had one leg ampu
tated—16 above, 3 at, and 4 below the knee—and 2 had had 
both legs amputated below the knee. 

Four physical therapists and four physicians (residents in 
Physical Medicine and Rehabilitation) were used as the judges 
of the clinical usefulness of this technique. Although the 
number of raters was small, we elected to use only those raters 
who were actually involved in the management of the am
putees on a day-to-day basis. 
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TABLE 
Comparison of the Usefulness of Footprint-Sequence Analysis 
(N = 25) 

Usefulness 

Problem 
solving 

Documen
tation 

Raw data 
Derived 

data 
Physical 

therapists 
Physicians 

(± 1 s)a 

6.2 (±1.0) 

6.4 (±1.0) 
5.7 (±1.1) 

6.8 (±1.2) 

6.5 (±1.2) 
6.0 (±1.4) 

Mean 
Difference 

( ± 1 s ) 

0.2 (± 0.9) 

1.1 (±1.3) 

0.5 (±1.9) 

tb 

NSd 

4.20 
(p < .001) 

NSd 

rc 

0.61 
(P< .01) 

NSd 

NSd 

a Values are from a visual-analogue scale (0.0 = "useless," 10.0 = 
"excellent"). 

b Matched-pair t test, with the level of significance in parentheses. 
c Pearson correlation coefficient, with the level of significance in 

parentheses. 
d Not statistically significant at the p < .05 level. 

Procedure 
Each patient walked at a comfortable speed along 2.24 m 

of Shutrak®* recording paper with his (or her) usual walking 
aids and footwear.11 The patients started walking a few strides 
before the paper began and continued walking for a few strides 
after it ended to avoid artifacts from starting or stopping. 
From the recorded footprints, we used the methods of Murray 
et al12 and Boenig13 to derive five data elements and reported 
the mean value from three to five gait cycles for each element. 
The elements were stride length, step length, foot angle, stride 
width, and the distribution (qualitatively described) of pres
sure within the footprints, including any scuffs of heel or toe. 

We presented each patient's physical therapist and physi
cian with the data (accompanied by the normal values of 
Murray et al12) after they had completed their usual clinical 
evaluations. Each clinician then estimated the clinical useful
ness of the raw and derived data, both for the purpose of 
solving the problem currently under consideration and as a 
method of documentation for subsequent comparisons. They 
recorded their estimates on 10-cm-long visual-analogue scales, 
after instruction in their use.14 We later measured these scales 
to the nearest 0.1 cm, providing a potential range of values, 
0 to 10, from least to most useful. (The high test-retest 
reliability of this technique has been previously reported.15) 
Each physical therapist and physician also rank-ordered the 
usefulness of the five derived elements. 

Data Analysis 

We used matched-pair t tests, correlation coefficients, and 
regression equations to compare and relate the usefulness for 
the purpose of problem solving and future documentation, 
the usefulness of raw and derived data, and the estimates 
provided by the physical therapists with those provided by 
the physicians. We set the level of significance at p < .05. 

RESULTS 

The mean (± 1 s) overall usefulness was 6.3 (± 0.9). The 
Table presents, and Figure 1 illustrates, the results of the three 
sets of comparisons and correlations. We found no significant 
difference and a moderate correlation between the technique's 
perceived usefulness for problem solving and for documen
tation. Derived data were considered slightly, but significantly, 
more useful than the raw data. We found neither a significant 
difference nor correlation between the physical therapists' and 
physicians' perception of usefulness. 

Pressure distribution was considered most useful of the five 
derived elements, followed in order by stride width, step 
length, foot angle, and stride length (Fig. 2). The physical 
therapists and physicians showed little difference in this rank
ing. 

DISCUSSION 

We were not surprised that the overall perceived usefulness 
of footprint-sequence analysis was moderate rather than high 
because only a subset of the walking difficulties of lower-limb 
amputees (eg, problems caused by, or resulting in, rotational 
malalignment of the prosthesis) lend themselves to this eval
uation method. Footprint-sequence analysis should be consid
ered an adjunct to, not a replacement for, other forms of gait 
analysis and functional assessment.5 

Because some of the reported elements were influenced by 
walking speed11617 and patient height,161819 we now record 
the former and normalize to relative values with the latter.20 

The study was clearly limited because we did not provide this 
information to the clinicians who may have slightly underes
timated the technique's usefulness as a result. 

The presence of a significant correlation and no difference 
between the usefulness of footprint-sequence analysis for 
problem solving and for documentation should interest those 
who operate gait laboratories, as the relative importance of 
the documentation function is not always appreciated.21"23 

Indeed, in this study, we may have caused the usefulness for 
documentation to be underestimated by failing to provide an 
earlier or later analysis for comparison. 

Although the clinicians considered derived data to be more 
useful than the raw data, the small difference between the two 
suggests that both raw and derived data should be placed in 
the patient's medical record. Because the recording paper is 
too large and unwieldy for the medical record, we now pho-
toreduce the raw footprints to present and store them with 
the derived data. 

We expected the lack of a significant difference in the 
comparison between the usefulness of footprint-sequence 
analysis to physical therapists and physicians because we 
presumed that both groups of professionals needed firsthand 
information about the patients they were evaluating and 
treating. 

The method used to evaluate usefulness, with visual-ana
logue scales, proved as simple and easily understandable to 
the clinicians in this setting as it has in other settings.1415 

Appreciating the distinction between perceived usefulness, 
which we evaluated, and actual usefulness is important, how
ever. To measure the latter would require a more rigorous 
design, and we are unaware of any such studies. Measuring 
actual usefulness is an important future direction for studying * Notecare Inc, 2435 Professional Dr, Suite C, Santa Rosa, CA 95401. 
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Fig. 1. Footprint-Sequence analysis. A. The regression equation 
relating the usefulness for problem solving to that for documentation 
is y = 0.618x + 2.27 (p < .01). The predicted values are plotted 
along the solid line. B. The regression equation relating the usefulness 
of raw to derived data is not reported or plotted because a statistically 
significant relationship was not found. C. The same is true of the 
regression equation relating the usefulness to physical therapists and 
physicians. 
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Fig. 2. Usefulness of the derived elements of footprint-sequence 
analysis. The numbers on the y-axis were obtained by awarding 5 
points for the top ranking down to 1 for last, so that the maximum 
number of points possible was 125. 

this and other gait analysis techniques, as would be the 
evaluation of other patient groups. 

CONCLUSION 

Footprint-sequence analysis appears to be a moderately 
useful and clinically relevant adjunct to the evaluation and 
documentation of the walking problems of lower-limb am
putees. Both raw and derived data should be made available 
to the physical therapists and physicians caring for these 
patients. 
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