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The Harris and Beath Footprint: Interpretation and Clinical Value

E.Ann Welton, M.B., Ch.B.
Oswestry, Shropshire, England

ABSTRACT
The Harris and Beath footprint is an inexpensive, nonin-
vasive method of recording foot/ground pressure patterns
to aid clinical diagnosis, decision making, and follow-up.
Studies of normal children and skeletally mature individ-
uals have identified the wide variations found in normal
feet, a knowledge of which is fundamental to the interpre-
tation of the footprint in the clinical situation.

INTRODUCTION

Forty years ago, Harris and Beatrf published their
Canadian Army Foot survey using a differential pres-
sure footprinting technique to demonstrate the distri-
bution of the vertical reaction between the sole of the
foot and its supporting surface.
This method of recording the foot/ground pressure

patterns to aid clinical diagnosis, decision making, and
long-term follow-up has been employed in our ortho-
paedic clinics for 35 years. It correlates well with mod-
ern pedobarographic techniques" and has few short-
comings. The sequential development of the pressure
pattern during walking is not demonstrated and quan-
titative analysis is not easy."
A good knowledge of the wide variation of the pres-

sure patterns present throughout the normal population
is fundamental to the understanding and critical analysis
of the footprint in the clinical situation. Population stud-
ies have been conducted among normal children and
skeletally mature individuals. A comparison of these
with our outpatient records and footprints over 35 years
enabled us to define these variations, facilitating the
interpretation of this versatile and inexpensive investi-
gation in the average outpatient department.

From the Orthotic Research and Locomotor Assessment Unit, The
Robert Jones & Agnes Hunt Orthopaedic Hospital, Oswestry, Shrop-
shire, SY10 7AG England. Address reprint requests to Dr. Welton.
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THE HARRIS AND BEATH FOOTPRINTING TECHNIQUE

l"he rubber Harris and Beath mat has reqularly placed
transverse and lonqitudinal ridges at three different
levels. It is placed on a firm, flat walkway (Fig. 1). We
use two tables bolted together for this purpose. A
nongreasy duplicating ink is lightly and evenly applied
using a fairly heavy printer's roller. A sheet of slightly
absorbent paper is carefully placed over the inked mat
and the subject, whose feet have been dusted with
talcum powder to prevent sticking, is instructed to walk
over the mat using the length of the walkway. Several
prints of each foot are made until one is satisfied by
reproducibility that they are truely representative. It is
essential to keep the whole process dust-free; other-
wise, the print quality may be impaired.
Standing prints are made with the SUbject looking

ahead with hands by the sides and the feet comfortably
together, with a small gap between the internal malleoli.
The position of the malleoli can then be projected
downward onto the recording paper using appropriate
set-squares, thus enabling calculation of the valgus
index6- 8 (Fig. 2). This value records any lateral or medial
shift of the ankle relative to the heel support as a
percentage, allowing comparison of feet of varying size.
Reproducibility studies have been carried out and are

reported in "Appendix A"

SUBJECTS AND METHOD

Normal Subjects

Group 1 comprised 40 children aged 1 to 4 years
from one playschool. Groups 2 and 3 comprised 112
(range 5-8 years) and 125 (range 9-12 years) children,
respectively, all from three primary schools (116 of the
children had standing footprints and an additional 121
children had walking prints also). Group 4 comprised
120 adult volunteers (range 16-65 years). One hundred
were from all departments of an engineering works and
20 were nurses.
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Fig. 2. Calculation of the valgus index.

V2Xz-zyValgus index =-- x 100
xz

hallux valgus) and valgus index; dynamic (walking),
shape, heel oval, forefoot pressure, toes, and overall
loading.

Fig. 1. Harris and Beath footprint technique. (Reproduced with the
kind permission of G. K. Rose.)

All subjects were from a semirural/urban area and
had asymptomatic feet with no history of foot problems.
Each group included males and females.

Patient Group

Group 5 comprised 380 outpatients who had been
footprinted for various reasons over the past 35 years.
They included 100 unselected patients who had been
referred with diagnoses of flat feet, pronated feet,
valgoid ankles, etc. They were called the flatfoot group.
They all had abnormal great toe extension tests and
were either high or low arched, but their feet were
markedly everted throughout their length (195 feet, with
only one foot being printed in the early cases). The
remaining cases suffered from a variety of conditions,
such as metatarsus varus, cerebral palsy, spinal dys-
raphism, spina bifida, and trauma.
All footprints and records had been made by a single

observer.
Records were made of foot shape and measure-

ments were taken to identify rotational variations in the
lower limbs. The presence of generalized joint laxity
was investigated by examination of five joints using the
method of Wynne-Davies.10 Height and weight were
recorded, as were physical status (thin, average, plump,
or obese) and physical type (stocky, intermediate, or
slender), using the method of Asher.'
Static (standing) and dynamic (walking) Harris and

Beath footprints were made and the valgus index was
calculated from these footprints.

RESULTS

The footprints were analyzed subjectively as follows
by a single observer (E. A. W.) and correlated with the
examination findings: static (standing), shape (inclUding

Shape. Five shapes were identified (Fig. 3A-E) and
distribution was as shown in Table 1.
All the preschool children were of average physical

status and body type with average height to weight
ratios. Fifty-six percent of all schoolchildren with broad
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index. For this reason, small movements in the pre-
school child make the measurement difficult and unre-
liable.
In the school children, the mean valgus index was 11

(range 0-22), and in adults, it was two to three points
lower. Negative indices were not recorded in children.
The valgus index decreased between the ages of 12
and 16.
The patient group showed high indices in the flat foot

group and negative indices in cavus feet. The valgus
index did not relate directly to the degree of deformity
present.

Dynamic

E

Fig. 3. A, High arched footprint. e, Normal footprint. C, Broad (Bl)
footprint. D, Broad (B2) footprint. E. Broad (B3) footprint.

prints (all 81 prints) were described as plump or obese
with above average height to weight ratios or of stocky
physical type. None showed any other abnormalities in
the feet.
Of the four adults with broad prints, one had a high

height to weight ratio with no other abnormal signs in
the feet. The only two 83 prints were in skeletally
mature subjects of average physical status and body
type, both with associated abnormal features of the
foot.
Hallux valgus. The degree of hallux valgus, measured

by the angle the medial border of the footprint makes
with that of the great toe, varied throughout the groups.
The incidence of an angle of 10° or more increased
after the age of 9 years, particularly in the females (Fig.
4). It was more prevalent in the skeletally mature foot
and in those feet with a high valgus index in normal
and flatfoot groups. The degree of deformity was not
directly proportional to the index.
Valgus index. A small difference in the readings can

make a significant difference to the calculated valgus

Shape. On the whole the dynamic shape was identi-
cal to the static shape. It was noted that in some
children with signs of generalized joint laxity, the dy-
namic print was often broader with a more medially
projecting heel oval when compared with the static
print and had a valgus index within the normal range.
This showed evidence of hyperpronation during the
stance phase in a hypermobile foot.
Heel. The heel shape, normally oval, bisected by a

line projected forward, can be related to the toes. In
the pronated foot, this is directed toward the great toe
or medially to it (Fig. 5), and in metatarsus varus, it is
directed toward the outer toes (Fig. 6). The heel oval
distribution in normal subjects (Fig. 7) can be compared
with that in the flatfoot group (Fig. 8). The heel oval
was seen to point in the majority of subjects to the
area of greatest forefoot pressure.
High medial heel pressure within the heel shape was

commonly seen in group 1 and occasionally in groups
2 and 3, but rarely in group 4.
A comparatively narrow heel print in relationship to

the forefoot was observed in patients with tightness of
the tendo achillis frequently associated with the ex-
treme valgus indices.
Forefoot. The following forefoot patterns were ob-

served in the normal subjects and their distribution is
shown in Table 2: maximum pressure under: I, first
metatarsal head; II, first metatarsal head spreading to
include second metatarsal head; III, second metatarsal
head; IV, second and third metatarsal heads: V, third,
fourth, and fifth metatarsal heads; and VI, even pres-
sure throughout the forefoot, including a group where
the print was no variable from step to step that it was
considered to be even.
In types III and IV, as defined above, some sparing

of the first metatarsal occurs in weightbearing during
the stance phase. This pattern, absent in the preschool
child, was found in 22% of 5 to 8 year olds, was
maximal at 27.4% of 9 to 12 year olds, and decreased
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TABLE 1

Distribution of

0°0

0
Broad

.. .. ..... ..__.,"- Normal High arch
B3 B2 B1 (%) (%)

0 10 32.5 53.75 3.75
0 0 6.3 80.8 12.9
0 0 4.8 88 7.2
0.8 0.5 1.7 88.8 8.3
12.3 21 19.3 42 5

1-4 years (80 feet)
5-8 years (224 feet)
9-12 years (250 feet)
Adults (240 feet)
Flat feet

10

to 22.5% of normal adults. A review of the serial
footprints of children receiving treatment in the flatfoot
group showed the pattern to have developed in 42.2%
of feet having reached skeletal maturity.
Forefoot pressure studies correlated to the heel oval

demonstrated 40% of preschool children as having
some degree of pronation present and 20% as having
a metatarsal in-swing.
Small, localized, high pressure points under all the

metatarsal heads were noted in older children, adults,
and patients with high arched or cavus feet and a large
angle between the metatarsal shaft and the horizontal
(Fig. 9).
High pressure areas under individual metatarsal

heads became more common with advancing age, with
the forefoot pattern showing many variations in asymp-

tomatic feet, probably as a result of degenerative
changes in the cutaneous, subcutaneous, and bony
tissues.
Toes. The pressure under the toes was variable

throughout all groups. High pressure under the toe-tip
was present where there was "hammering" or "clawing"

Fig. 5. Heel oval in a pronated foot. View shows medial border
pressure overall.
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Fig. 4. Incidence of 10° hallux valgus and over.
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Fig.7. Heel oval distribution in groups 1 through 4.

Fig. 8. Heel oval in the flatfoot group.

A wide variation in the foot/ground pressure patterns
shown by the Harris and Beath mat was found through-
out the age groups studied. The parameters changed
with growth. The forefoot pressure distribution and heel
oval both showed the high incidence of pronation and
metatarsal in-swing present in the preschool group.
These were virtually absent in the 9- to 12-year-old

i· t

::.

DISCUSSION
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Fig. 6. Heel oval in metatarsus varus.

and where the toe flexors were being used to stabilize
the foot toward the end of the stance phase in the
severely flat foot. Similar appearances were seen in the
patient group where, with intrinsic muscle imbalance,
excessive use was being made of the toe flexors.
Overall loading. A total of 57.5% of normal 1- to 4-

year-old children showed a shift of the load toward the
medial support area of the foot. Only 9.9% of 5- to 12-
year-old children showed this and it was rare in the
skeletally mature foot, but when seen, it was invariably
accompanied by other abnormal features. It was a
typical feature of the flatfoot group (Fig. 5).
There was no difference in any of the footprint fea-

tures considered apart from hallux valgus, between
males and females and left and right feet.
Scrutiny of the examination notes and prints showed

no correlation between a specific pressure pattern and
a rotational variation of the lower limb, which confirms
the findings of Craxford et al.2
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TABLE 2
Distribution of Forefoot Patterns

1-4 years (80 feet)
5-8 years (100 feet)
9-12 years (142 feet)
Adults

I
(%)

35
12
8.5
5.8

II
(%)

5
8
16.2
15.4

0°0 000 0°0 000en \-) \9....... -.... :.

III IV V VI
(%) (%) (%) (%)

0 0 15 45
3 19 16 43
10.5 16.9 4.2 43.7
3.3 19.2 15.8 40.5

group. Broad prints (B1 and B2 type) and medial bias
of overall pressure were common findings in the young
child.
It is recognized that there is increasing eversion at

the heel during the growth spurt' and this affected the
forefoot pattern distribution in the 9- to 12-year age
group and accounted for the low figure in type IV and
particularly type V, with a corresponding increase in

type III (Table 2). These figures reverted in the skeletally
mature foot, where there was a movement away from
the medial forefoot bias, which correlated with the
slightly lower valgus index found in this group.
The foot shape was influenced by body type. Broader

prints were associated with an obese, plump, or stocky
build.
The adult forefoot pressure patterns closely followed

those of other observers, in regard to their distribution,
who used different methods of measurement.4
In the interpretation of the Harris and Beath mat in

the clinical situation, any findings falling outside the
parameters observed in this study can be considered
to be abnormal. This does not necessarily imply a
pathological condition requiring treatment, but could
alert one to a foot that has the potential to produce
disability in later life and that may be amenable to
preventative therapy.
In order to illustrate the potential of the Harris and

Beath footprint, we examined one aspect of the patient
group, i.e., the flatfoot group. Analysis of the group
showed a high incidence of broad prints (including B3
prints), medial pressure distribution, a heel oval pointing
to the medial forefoot, and a valgus index above 22.
The relevance of the broad print to pathology must

be viewed against age and body type, but a B3 print is
invariably abnormal. Medial border pressure may be of
limited significance in the younger child. A heel oval
pointing medially to the great toe is abnormal, and is a
valgus index above 22. These factors can all be used
together in conjunction with the clinical findings to
assess the severity of the condition.
It is widely recognized that the flatfoot in the young

child disappears as the foot matures, and our studies
support this.
Serial footprints in the child referred to the outpatient

department will demonstrate progress with or without
treatment and will indicate that normality is being
achieved. Once all features of abnormality have disap-
peared, treatment or observation may be discontinued.
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Fig. 9. Cavus foot.
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CONCLUSIONS

The Harris and Beath mat provides a noninvasive,
inexpensive, safe, and permanent record of foot/ground
pressure patterns, readily stored in the patient's notes
for the guidance of the clinician and for the benefit of
the child (and parents), who frequently requires en-
couragement in continuing what might appear to be a
long and fruitless course of treatment. The follow-up of
flat feet, cavus feet, metatarsus varus, hallux valgus,
and spinal dysraphism and the results of surgery are
amenable to this sort of "on site" evaluation.
Monitoring with serial prints of the more minor de-

formities reduces unnecessary treatment. Serial rec-
ords provide an invaluable contribution to research,
enabling retrospective and progressive studies to be
carried out.

APPENDIX A
REPEATABILITY AND REPRODUCIBILITY

Extensive observations have been carried out on the
reproducibility of what is, in the main, a subjective
assessment of the Harris and Beath footprint as out-
lined in the text.
When the technique is strictly adhered to, reproduc-

ibility is excellent in anyone individual tested on the
same day by different observers, provided that the
prints are made until one is satisfied that they are truly
representative.
Serial prints obtained from one individual at intervals

during growth obviously will show changes, as do serial
prints obtained from patients undergoing treatment. In
comparison, prints made on 27 adults, by different
observers, 4 to 26 years after hospital discharge' at
skeletal maturity were virtually identical.
Repeated dynamic prints made on six subjects asked

to walk (1), normally (2) with in-toeing, and (3) with out-
toeing showed that on marked in-toeing, the forefoot
pressure shifted slightly laterally.Onmarked out-toeing,
forefoot pressure shifted slightly medially throughout
the footprint. The projection of the heel oval remained
the same with out-toeing, but two of the six subjects
did show a slight lateral shift of forefoot pressure with

468 WELTON Foot &Ankle/Vol. 13, No. 8/0ctober 1992

marked in-toeing. Small degrees of in-toeing and out-
toeing made very little difference on the resultant print.
Similarly, body sway had to be marked before it
changed the pressure pattern and foot shape.
Repeated static prints on six subjects of differing

ages showed the shape to be constant and the valgus
index to be repeatable, with a standard deviation of 1.2
and 2.5.6,8
Different walking speeds made no difference to the

resultant pressure patterns using the technique as out-
lined.

ACKNOWLEDGMENTS

Grateful thanks are expressed to G. K. Rose for his
continuing interest and encouragement and for the
legacy of his careful notes and footprints, without which
this study would not have been possible.

REFERENCES

1. Asher, C.: Postural variations in childhood. In Postgraduate
Pediatric Series. London, Butterworths, 1975.

2. Craxford, A.D., Minns, R.J., and Park, C.: Plantar pressures
and gait parameters: a study of foot shape and limb rotations in
children. J. Pediatr. Orthop., 4:477-481, 1984.

3. Harris, R.I., and Beath, T.: Army foot survey: an investigation of
foot ailments in Canadian soldiers. Ottawa, National Research
Council of Canada, 1947.

4. Hughes, J., Jagoe, R., Clark, P., and Klenerman, L.: Pattern
recognition of images of the pressure distribution under the foot
from the pedobarograph. J. Photogr. Sci., 37:139-142, 1989.

5. Hughes, J., Kriss,S., and Klenerman, L.: A clinician's view of
foot pressure: a comparison of three different methods of meas-
urement. Foot Ankle, 7:277-284,1987.

6. O.R.L.A.U.: Annual Progress Report No.6. Oswestry, England,
Robert Jones and Agnes Hunt Orthopaedic Hospital, 1980.

7. Rose, G.K.: Pes planus. In Disorders of the Foot. Jahss, M. H.
(ed.), Philadelphia, W.B. Saunders, 1982, pp. 486-520.

8. Rose, G.K., Welton, E.A., and Marshall, T.: The diagnosis of
flat foot in the child. J. Bone Joint Surg., 67B:71-78, 1985.

9. Silvino, N.B.S., Evanski, M.D., and Waugh, T.R.: The Harris &
Beath footprinting mat: diagnostic validity and clinical use. Clin.
Orthop., 151:265-269, 1980.

10. Wynne-Davies, R.: Acetabular dysplasia and familial joint laxity:
two etiological factors in congenital dislocation of the hip. J. Bone
Joint Surg., 52B:704-716, 1970.

 at FLORIDA ATLANTIC UNIV on November 11, 2014fai.sagepub.comDownloaded from 


