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THE DIAGNOSIS OF FLAT FOOT IN THE CHILD

G. K. ROSE, E. A. WELTON, T. MARSHALL

From the Robert Jones & Agnes Hunt Orthopaedic Hospital, Oswestry

The term flat foot is surrounded by confusion and there is little to help the clinician to identify cases

which require treatment and to avoid treating many children unnecessarily.

Research for 25 years has been aimed at elucidating this problem by identifying and evaluating a series

of signs and tests. These tests allow the recognition of the abnormal foot as early as possible, when efficient

treatment is likely to be most effective. The results indicate that evaluation of the flat foot should be based on

a combination of signs, with most emphasis on the result of the great toe extension test.

The term flat foot is commonly used to describe a

nebulous mixture of anatomical variations as well as a

small core of pathological conditions. In this paper the

term flat foot will be reserved for a pathological con-

dition and will not be used to describe a shape of foot.

The treatment of flat foot, and the evaluation of this

treatment, must depend on accurate diagnosis and on

accurate measurement and recording. The project here

reported aims to achieve this accuracy and is based on

two assumptions. The first is that visual inspection is an

unreliable guide to pathology and that descriptive re-

cording, being very subjective, is useless in follow-up of

either natural history or treatment. Secondly, tests for

flat foot should be related to function and developed

with reference to functional anatomy (Hicks 1951, 1953,

1954; Rose 1958, 1962, 1982) and especially with regard

to the dynamic rather than the static situation.

These ideas have been developed for 25 years, and

for the past four years the identification and validation of

criteria for abnormality have been the aim. Since 1952

the use of quantitative information to replace common

clinical criteria was initiated by the development of the

valgus index (Rose 1982) and the use of the Harris and

Beath footprinting mat (Harris and Beath 1947). Other

observations and tests were added at later dates.

The diagnosis of flat foot is now based on:

I . History, with particular attention to late or reluctant

walking.
2. Comprehensive examination, noting any generalised
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joint laxity, the rotational and planar postures of leg

segments, and leg length.

3. Shoe wear and distortion.

4. Patellar position in relation to both the sagittal plane

and the toes.

5. The great toe extension test.

6. Alignment of the great toe nail.

7. Tightness of the calcaneal tendon.

8. Foot callosities.

9. Valgus index, as detailed later.

10. Footprinting for differential pressures.

11. Photography.

The validation of such tests is difficult in patients who

have no disability. Many patients were referred because

of arbitrary decisions concerning the shape of their feet

and the potential for pathological change, making the

ostensible aim of treatment the prevention of late

disability.

One approach was to consider potential dysfunc-

tion, which in the flat foot arises solely from abnormal

mechanical stresses. These can be divided into intrinsic

stress on joints and ligaments, extrinsic stress on the

weight-bearing areas, and combinations of both of these.

Another approach is to relate definite disability to foot

posture. The only review of this, limited in sex and age,

was by Harris and Beath (1947). They showed that of

3500 recruits to the Canadian Army, 6.2% had a

hypermobile flat foot with a short calcaneal tendon,

0.7% had marked diminution of locomotor efficiency

and 5.5% had mild diminution; while 2% of recruits

had a spasmodic valgus deformity. Clearly special

tests which can identify these conditions at an early

age could be of great value.

Radiographs are not helpful, being flat images of a

three-dimensional situation . Diagnostic lines and angles

must be treated with great caution since they may well

show the same angle changed by viewing in a different

axis. In addition, the ossific centres for all the foot bones

do not appear until four years of age, and it is not until



Fig. 5 Fig. 6

Footprints of the broad types: BI, B2 and B3. The space arrowed in
Figure 5 should be no larger than 1 cm for a diagnosis of broad foot.
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the age of9 or 10 that features such as the sustentaculum

tali can be seen. The axes of the foot bones can be

drawn accurately only after the age of 6 years.

The various tests and signs were studied by compar-

ing their occurrence in a group of patients with their

appearance in the general population, and also in a

number of pathological conditions. Information was

gathered from population studies in children and adults,

and the study of material from a special foot clinic run

for 25 years by a single surgeon (GKR). Comparisons

and gross correlations of the results of various tests and

signs were then carried out.

METHODS

With the exception of footprinting, all tests and measure-

ments were made with the subject standing on a table,

arms by the sides, and looking straight ahead. The feet

were placed slightly apart with weight evenly distributed

between them. Small variations from this posture can

significantly alter the results, and must be avoided.

Great toe extension test. Passive extension of the great

toe at the metatarsophalangeal joint in the normal

weight-bearing foot has two effects; elevation of the

medial longitudinal arch and lateral rotation of the tibia

(Fig. 1). The test is normal when both effects are seen. If

the first ray of the foot is rotated so that the axis of the

basal joint is almost or fully vertical there will be no

elevation or rotation and the test is negative. When the

long axis of the medial ray corresponds with the subtalar

axis and only arch elevation is seen, with no tibial

rotation, an intermediate result is recorded.

TIBIAL ROTATION

ARCH RISE

Fig. 1

The great toe extension test.

Great toe nail alignment. The angle of inrolling of the

great toe nail was measured in the weight-bearing foot

(Fig. 2), providing an indication of the medial rotation of

the first metatarsophalangeal joint in the pronated foot.

This test cannot be used if the great toe is deformed.

Fig. 2

Measurement of the angle of inrolling of the nail of the great toe.

Footprinting. Static and dynamic footprints were made

using a differential pressure mat on a firm flat surface,

long enough to provide a walkway. The mat is made of

rubber, with regular longitudinal and transverse ridges at

three different levels. A non-greasy duplicating ink was

lightly applied, using a printer’s roller. A sheet of slightly

Fig. 3 Fig. 4

Footprints: normal (Fig. 3) and high arched
(Fig. 4)



Fig. 9 Fig.lO

Footprints to show diagnostic features. Figure 8-The orientation of
the heel oval, in this case pointing towards the second toe. Figure 9-
The medial pressure pattern which is commonly found in flat foot.
Figure 10-To show the measurements for calculation of the valgus
index, which equals
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absorbent paper was then rested on the inked mat, and

walking prints were made of each foot. Talcum powder

was used to prevent sticking between foot and paper and

several prints were made until a consistent result could

be accepted as truly representative for the subject. Static

prints were also made to enable the valgus index to be

calculated.

These prints show the shape of the contact area of

the foot in both dynamic and static situations, and

provide a cumulative record of pressure distribution.

Contact areas are classified as normal, N; high arched,

HA; and broad, BI, B2 and B3 (Figs 3 to 7).

The shape of the heel in the footprint is normally

oval or pear-shaped. The long axis of this shape in

relation to the forefoot indicates calcaneal tilt or rota-

tion, and is recorded in relationship to the toes as medial

to 1, 1, 1-2, 2, 2-3, 3, 3-4, 4, 4-5, 5 (Fig. 8). In the

walking prints, areas of higher pressure beneath the great

toe, the head of the first metatarsal and the medial side of

the heel are especially noted (Fig. 9), this being a

common pattern in the hyperpronated foot.

100
1 AB - AC x
2 AB

where A and B are vertically beneath each malleolus and C is the centre
of the heel print.

Valgus index. This index records any medial or lateral

shift of the malleoli and therefore of the ankle in relation

to the centre of the heel imprint. It is recorded as a

percentage shift, to allow comparison between feet of

varying size. While static footprints were being made, a
set square was used to mark the position of the most

prominent part ofeach malleolus on the recording paper.

The centre of the intermalleolar line is then related to a

line from the centre of the heel print to the centre of the

third toe print to produce the valgus index (Fig. 10). A

positive index indicates a shift of the ankle medially, and

a negative one a shift laterally.

Length of the calcaneal tendon. This was recorded

indirectly as the maximal angle of passive dorsiflexion of

the foot measured on the outer border of the foot, with

the patient lying supine and the knee extended. The foot

must be central since eversion or pronation can allow

more dorsiflexion independent of the length of the

calcaneal tendon.

Joint laxity. Examination for generalised hypermobility

was made at several joints. Passive hyperextension at the

knees, elbows, and metacarpophalangeal joints was

noted. The minimum angle between the thumb and the

flexor surface of the forearm on passive pressure was

recorded as was the range of passive dorsiflexion at the

ankle.

Position of the patellae. The angle made between the

sagittal plane ofthe body and a line at right angles to the

front of the patella, as determined by palpation, was

recorded. The position of this patellar line can also be

extrapolated and recorded in relation to the toes. The

results of these tests reflect segmental alignment and

rotation, and influence foot posture.

Photography. Standard colour photographs were taken

of the legs and feet in a standing position from in front,

behind and below, using a mirror apparatus.

MATERIAL

Four differing populations were studied, using some or

all of the tests described.

Pre-school children, aged from I .9 to 4.3 years: all

20 from a play school had their footprints taken.

All 237 school children, aged 5 to 12 years, from

three primary schools were examined and had standing

footprints taken. In addition 121 of these children from

one of the three schools also had walking footprints

taken.

Adult volunteers, 100 in all, both male and female

aged I 6 to 65 years, from all departments of an

engineering firm, were examined and provided walking

and standing footprints. None of the above three groups

had any foot abnormalities or problems.

Outpatients referred over 25 years to a foot clinic

with diagnoses of pronated feet, hyperpronated feet, flat

feet, valgoid ankles or feet, or high arched pronated feet:

their records, including serial footprints and photo-

graphs, were reviewed. Measurement and examination of

both feet as outlined above was done throughout by a

single observer (GKR). A print of only one foot was

taken in some early cases, and the great toe extension test

was done only in the last 20 years. Patients were excluded

from this series if there were complicating factors such as

previous fracture, spasticity, or spinal dysraphism.
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Table I. Valgus index (VI) according to shape of footprint in children and in adults

School children Adults

Footprint
shape

Rfoot�
n

----� - �
J’I

-� --

SD

Lfoot

n

�-.-----

VI.

�-

SD

Rfoot
�-

is

-_______
VI SD

Lfoot--�-�-�----
n

-� - -

VI

-�

SD

Normal 99 1 1.35 4.93 95 1 1.24 5.0 91 9.76 4.93 89 9.71 4.79

Higharched 9 12.22 4.63 11 11.0 3.77 6 8.17 8.21 7 10.14 5.87

Broad 8 15.0 5.18 10 13.6 3.31 3 18 1.73 4 17.5 2.38

All 116 11.67 4.97 116 11.42 4.79 100 9.92 5.26 100 10.05 5.0

a See Figures 3 to 7
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Histograms to show the distribution of valgus index and footprint type in 1 16 children aged from 5 to 12 years.
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Fig. 13 Fig. 14

Histograms to show the distribution of valgus index and footprint type in 100 adults.
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“I’ll

Histogram to show the distribution of valgus index and of arch rise
only in response to the great toe extension test in 237 children aged 5 to

12 years.

RESULTS AND DISCUSSION

A lot of information has been carefully analysed, and

only the most significant findings are presented in relation

to the tests and measurements done.

Valgus index. The valgus index (Rose 1982) was shown

to be repeatable in single individuals of different ages,

giving standard deviations of I .2 to 2.5 in series of

10 readings (ORLAU 1980). The population studies

showed a normal distribution of valgus index in I I 6

school children, with no variation between age groups

(Table I, Figs 1 1 and 12). There was also a normal

distribution in 100 adults (Table I, Figs 13 and 14). The

relationship between the valgus index and types of

footprint is also shown in the figures.

The great toe extension test in 237 school children

produced no negative results, but in 20 feet there was an

intermediate result with arch rise only (Fig. 15). These

feet had a higher mean valgus index of 18.85 (SD 3.89).

Inrolling of the great toe nail showed no direct or

proportionate relationship with the valgus index. A

slight association of the high valgus index with larger

inroll was too small to be significant.

In 80 children aged from 5 to I 2 years on referral to

the foot clinic the valgus index was between 6 and 33,

with a mean of 19 for the right foot and 21 for the left

foot.

Discussion. There was wide variation in medial shift of

the ankle over the heel. The mean valgus index in

children was about I 1 , and in adults 2 to 3 lower. The

valgus index tended to decrease with age, especially from

12 to 16 years of age. Some negative indices were

recorded in adults but never in children. The mean adult

valgus index was higher in feet giving broad prints than

in normal footprints, but there was no direct relationship

between valgus index and type of footprint. Some broad

prints came from feet with a valgus index of 7 or 8, while

some normal prints were produced by feet with a valgus

index of above 20. A definite association was found

between a high valgus index and an abnormal great toe

extension test.

Patients referred to the foot clinics tended to have a

high valgus index, though half of them had an index

within the normal range of zero to 20. The most

abnormal feet were referred at an earlier age, and it is

possible that a higher mean valgus index would have

been derived if the children studied had included those

under five years.

We consider that a valgus index of 25 and over is an

abnormal finding, and that an index of2O to 25 should be

regarded with suspicion, especially if there are other

abnormal signs.

Great toe extension test. This was studied in several

groups and in relation to other tests.

In 237 schoolchildren, there were no negative tests,

but 20 feet (4.2%) showed arch rise only. The relation of

this test to the valgus index is shown in Figure 15. In 100

adults, only two (1 %) negative tests were recorded and

seven (3.5%) had arch rise only. The 20 children’s feet

showing arch rise only included eight broad footprints

(40%) and 12 with normal or high arch prints. In the

total group only 26 (5.5%) had broad footprints. There
was only very slight increase in inroll of the hallux in feet

showing arch rise only.

In the clinic population of I 70 patients who had

records of this test, 71 feet (20.9%) had negative tests. In

these 71 feet, the mean valgus index was 24.6 (SD 5.2) and

the footprint type was normal in 1 5 (21 . 1 %), high-arched

in 9 (12.7%), and broad in 47 (66.2%). Definite medial

pressure patterns were seen in 34 feet, and 1 8 feet had

some less definite tendency. All 7 1 feet showed at least

one abnormal sign as well as a negative toe extension

test, such as a valgus index of 20 or more, broad

footprints or a medial pressure distribution.

Discussion. A negative great toe extension test was very
rare in the general population, none being found in

children and only I % in adults. This indicates that,

excluding cases with abnormalities of the great toe ora

tight calcaneal tendon, an extension test which fails to

cause arch rise indicates an abnormal foot which cannot

function correctly. The intermediate finding of arch rise
only should be regarded as indicating a potentially

abnormal foot, especially when found together with

other abnormal signs.

Footprints. The distribution of the types of footprint in

the pre-school children, school children, adults and in

195 feet from the clinic population is recorded in Table

II. The relationship between this and the other clinical

signs are reported under valgus index, toe extension and

inroll of the great toe nail.

Pressure distribution in footprints from the normal

population was hard to assess because of lack of

consistency in the walking prints, but in many the heel

oval pointed to the area of highest forefoot pressure. In

the pre-school children 15 of 40 feet (37.5%) had a



Table II. The distribution of shape of footprint in the four populations
studied

Italic figures are percentages of population

0RR350C1I2350�2S345�235

Fig. 16

Histograms to show the orientation of the long axis of the heel oval in
relation to the toes in the four groups which were studied.
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Footprint
shape

Normal

Pre-school
40 feet

School
children
474 feet

Adults
200 feet

Clinic
patients
195 feet

22 55 401 84.6 179 89.5 82 42

High arched I 2.5 47 9.9 14 7 10 5

Broad 42.5 5.5 3.5 53

I 12 26 4 38

2 5 0 1 41

3 0 0 2 24

medial pressure pattern and in all of these the heel oval

pointed to the medial forefoot. In the school children, 24

of 242 feet (9.9%) had a medial pressure pattern. In 200

adult feet, although occasionally there was great toe and

first metatarsal head pressure, the medial border pattern

was not seen, and these feet did not demonstrate any

other abnormal signs.

The orientation of the heel oval in toddlers, school
children, adults and the clinic population are recorded in

Figure 16. The footprints of children with metatarsus

varus usually have a heel oval directed towards the

lateral border of the forefoot (Fig. I 7) and many of the

children with minor degrees of metatarsal inswing

showed a tendency in this direction. In the clinic

population, a medially pointing heel was almost invari-

ably associated with a high valgus index.

Discussion. A broad print of type B3 is abnormal. Types
BI and B2 should be regarded as abnormal if they are

associated with other abnormal clinical signs. These

types of footprint are not unusual in children both under

and over five years old, but in the absence of other

abnormal findings should be interpreted with regard to

body type. The medial pressure pattern frequently found

Table III. Results of treatment in 85 flat feet after a mean follow-up of
21.4 years

Normal great toe

extension test
Treat- Mean scores (see Fig. 18)

Number ment � � � Initial Final
of feet grouplnitial Final Change % %

34 EE 5.15 1.29 +3.85 41 74

22 LE 3.27 1.45 +1.18 32 54

29 IE 2.17 2.41 -0.28 *65 *48

EE, early effective-before 4 years
LE, late effective-after 4 years
IE, ineffective treatment
a Apply to 22 feet only

in abnormal feet is very common in the under fives

and is not an indicator of abnormality at this age.

A heel oval which points medial to the great toe is

an indication of abnormality, being rare in school

children, but fairly common in the clinic patients.

However, a medially pointing heel oval is not uncommon

in the normal pre-school child.

17

t showing the
I in a case of

arsus varus.

Inrolling of the great toe nail. The plane of the great toe

nail in school children and in adults showed a range of

between 25� inroll to 10 outroll, with a mode at 0#{176}.In

most clinic patients, with few exceptions, the angle of

inroll lay within that range. Only in the most seriously

pronated foot was 25#{176}inroll exceeded. No clear relation-

ship between inroll and other clinical signs was found.

Discussion. This measurement was helpful in monitoring

treatment and progress in the individual foot, but was of

no use as an indicator of abnormality.

CONCLUSIONS

While a large number of feet labelled flat are within

normal variability, abnormality can be identified with

reasonable certainty at an early age by the use of the tests

which have been described. No one test is completely

reliable, but the best single screening test is great toe

extension. A final diagnosis of flat foot was made using a
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Fig. 18
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combination ofthis with valgus index and footprint tests.

Inrolling of the great toe nail accompanies marked

hyperpronation of the foot, but this is not necessarily

pathological.

These tests can provide a method of evaluating

methods of treatment and their use is reported in the

appendix below.

APPENDIX-A LONG-TERM FOLLOW-UP

OF FLAT FOOT

The tests discussed in the main paper, scored as shown in

Figure 18, were used in a retrospective study of 85 feet in

skeletally mature patients after a mean follow-up of 21.4

years. Three treatment groups were recognised (Table

III). Groups EE and LE had received treatment for flat

foot which was considered to have been mechanically

effective (Rose 1958, 1962, 1982), EE before four years of

age and LE after four. Group IE had treatment which

was considered to be mechanically ineffective or to have

been effective for less than four years.

The results are shown in Table III and suggest, but

do not prove, that early mechanically effective treatment

for feet judged to be abnormal will produce significant

improvement, whilst late or mechanically ineffective

treatment may allow deterioration. A prospective trial is

now required, but our statistician (TM) suggests that a

random trial of mechanically effective orthoses is ethi-

cally justified only in feet scoring less than three.

Discussion. The change in the flat foot score from initial

to final measurement was much greater in those in

Group EE than in Group LE, and in Group LE than in

Group IE (P<0.05 for each comparison for each foot,
and for both feet combined). The complicating factor in

this analysis is that the poiential for change, with or

without active treatment, is itself related to the initial

score, since a high score offers a greater potential for

change than a low score.

This leads into a logical trap, since feet with high

scores were for the most part selected into Group EE,

whereas those with low scores were for the most part

selected into Group IE, Group LE taking an inter-

mediate position. Thus we are trying to assess the effect

of treatment on the severity of the condition when

the initial severity has itself in large measure determined

The scoring system for flat foot. A score of 0, 1 or 2 is given for each of five features. A completely normal,
average foot would score 0, while the maximum abnormal score is 10. Footprint type; high arched (HA) or normal
(N), 0: broad BI or B2, 1; broad B3. 2. Valgus index, as shown. Heel oval: second toe and more laterally, 0; great
to second toe, I: great toe or more medially, 2. Great toe extension test: normal with both arch rise and tibial
rotation, 0; arch rise only, I : negative, 2. Pressure distribution in walking prints: even, 0; excess medial pressure, 2.
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the choice of treatment. In statistical terms, this is known

as confounding; practically speaking, it means that the

effect of a treatment cannot be separated from the
initial reasons for its selection.

This offers no clear guidance to the practising

clinician, though this was our original aim. From the

ethical point of view, it seems that those most severely

affected, with initial indices of over three, should be

offered early effective treatment (EE) where this is

possible; at any age, effective treatment (LE) should be
given. None of our patients with an index over three,

treated effectively, failed to improve and it now seems

unacceptable to conduct a randomised controlled trial

which would include ineffective treatment for children
with any greater degree of abnormality.

Feet with an initial score of 0, 1 or 2 present no

ethical problem, since the evidence with respect to

various treatment groups is equivocal or useless, there

being few cases in the effective treatment groups. Thus in

cases with relatively mild abnormality, under three

points on our scoring method, it would be ethically and

scientifically valid to carry out a designed experiment to

discover which treatment (if any) is better. Intending

researchers should note that the assessment will take up

to 20 years to complete.
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