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Dimensional Changes of the Feet in Pregnancy™

BY R. ALVAREZ, M.D.%, I. A. F. STOKES, PH.D.%, D. E. ASPRINIO, M.D.¥,
S. TREVINO, M.D.%, AND T. BRAUN, M.D.%, BURLINGTON, VERMONT

From the University of Vermont College of Medicine, Burlington

ABSTRACT: Serial measurements of the volume,
length, and width of the feet of seventeen pregnant
women were made at, or close to, the thirteenth and
thirty-fifth weeks of pregnancy and eight weeks post-
partum. The same measurements were made twice on a
control group of sixteen nulliparous women at intervals
that ranged from sixteen to twenty weeks. There was no
change in the length or width of the feet in either group.
The mean volume of the feet increased 57.2 milliliters
between early and late pregnancy (p < 0.001) and de-
creased by only 8.42 milliliters between late pregnancy
and eight weeks postpartum. These changes were at-
tributed to retention of fluid or to an increase in soft
tissue and not to stretching or relaxation of the liga-
ments.

Women commonly report that the feet become larger
during pregnancy. These changes could be due to the ac-
cumulation of fluid or fat, or both, or to changes in ligaments
caused by the extra weight that is carried during pregnancy
or by hormonally induced alterations of the connective tissue
in the ligaments. Mechanical stress has been shown to in-
duce remodeling of tissue’'*, but it is unlikely that the in-
crease in weight that is associated with pregnancy persists
long enough to induce such changes. Therefore, changes in
the size of the feet during pregnancy have been presumed
to be secondary to retention of fluid or to increased laxity
of ligaments.

The amount of retained water at term averages 6.5
liters®*'°. The gain is accounted for by fluid in the fetus,
placenta, uterus, breasts, and extracellular spaces; by am-
niotic fluid; and by increased blood volume. Women who
have pregnancy-induced hypertension retain even more
fluid>'°. Many pregnant women have pitting edema of the
ankles and legs late in the day, and this is attributed to
compression of the venous system by the uterus. The av-
erage weight gain at term is about twelve kilograms®. Dennis
and Bytheway found that about 75 per cent of this gain
disappears by eight weeks postpartum, but many women

* No benefits in any form have been received or will be received from
a commercial party related directly or indirectly to the subject of this article.
No funds were received in support of this study.

+ Read in part at the Annual Meeting of the American Orthopaedic
Foot and Ankle Society, San Francisco, California. January 21. 1987.

¥ University of Vermont College of Medicine, 1 South Prospect
Street, Burlington, Vermont 05401 . Please address requests for reprints to
Dr. Alvarez, Department of Orthopaedics and Rehabilitation.

VOL. 70-A, NO. 2. FEBRUARY 1988

never fully return to their former weight. Dennis and Bythe-
way also reported rapid diuresis postpartum and that, at
eight weeks postpartum, primipara weigh an average of
about two kilograms more than they did before the preg-
nancy, whether or not they had clinically evident edema
during gestation. Finally, the authors attributed this change
to a persistent increase in fat and not to an increase in fluid.
If change in the size of the feet were due to retention of
fluid, one would expect the excess fluid to be eliminated
early postpartum, whereas changes in the ligaments would
be expected to persist and cause irreversible changes in the
feet.

Ligaments may relax during pregnancy due to hor-
monal changes*. Relaxin, a hormone that was identified by
Hisaw, relaxes the symphysis pubis of some mammals and
may produce remodeling of collagen''. Bird et al. found
increased laxity of the metacarpophalangeal joints in preg-
nant women that was suggestive of a peripheral action of
relaxin. This increase in laxity was greater in gravida-II than
in gravida-l women, but there was little further increase
with subsequent pregnancies.

The present study was designed to answer two ques-
tions: do the dimensions of the feet change during preg-
nancy, and if so, are these changes still present eight to ten
weeks postpartum?

Materials and Methods
Design of the Study

The volume, length, and width of the feet of the pa-
tients in the study group were assessed at the thirteenth and
thirty-fifth weeks of gestation and at eight weeks postpartum
(all plus or minus one week), the usual time for the patients’
obstetrical follow-up visit. At the initial interview, the pa-
tients were questioned about problems with the feet, pre-
vious operations on the feet, shoe size, habits in standing,
the surfaces of the floors at home and at work, and the
appearance of the feet. At subsequent visits, a questionnaire
concerning changes in these variables as well as edema of
the feet and ankles was completed by each participant.

To provide controls, we obtained the same information
and measurements on two occasions, sixteen to twenty
weeks apart, from a comparable group of women who had
never had a full-term pregnancy.

Selection of Patients and Controls

Twenty consecutive consenting patients and sixteen
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TABLE 1
CHARACTERISTICS OF THE STUDY GROUP*
Body Weight (kg)
Age Visit 1 Visit 2 Visit 3 Height
(Yrs.) (m)
Patients 26.8 = 3.2 58.4 = 8.3 75.3 = 10.2 63.2 = 10.0 1.66 = 0.06
(n =17) (23-33) (43.5-74.8) (61.2-101) (50.3-88.9) (1.57-1.78)
Control group 25308 585 * 4.2 1.65 = 0.1
(n = 16) (24-27) (54.9-65.8) (1.48-1.78)

* Values are given as mean and standard deviation, with range in parentheses.

controls were recruited for the study. For three of the twenty
patients the pregnancy did not reach full-term, so seventeen
were evaluated until eight weeks postpartum. However, five
of these seventeen were unable to come for the scheduled
measurements at thirty-five weeks.

The pregnant women were recruited during their initial
visit to the University of Vermont Department of Obstetrics
and Gynecology. Criteria for entry into the study included
a gestational age of less than fourteen weeks as determined
by the date of the last menstrual cycle, a chronological age
of eighteen to thirty-two years, a weight within 20 per cent
of Metropolitan standard values®, and not more than one
previous pregnancy. The age-matched (within five years)
controls (none of whom had had a pregnancy that had gone
to term) were recruited from among medical students and
health-care workers at the University of Vermont. In an
attempt to control for swelling of the feet that might occur
during the course of the day, measurements were performed
between 9:00 AM and noon whenever possible.

The demographic data for the patients and for the con-
trols were comparable (Table I). None of the women in the
control group reported having had previous problems with
the feet, but two of them were noted to have asymptomatic
bilateral hallux valgus on clinical examination.

O

-

O
)

o

Measurement of the Volume of the Feet

The volume of each foot was measured by calculating
the displacement of fluid using a volumeter made from a
bread tin. The tin measured thirty by twelve by fourteen
centimeters. Spigots were located 7.6 centimeters above the
bottom to carry off the displaced fluid; they were placed in
that location because it is the mean height of the tip of the
medial malleolus® above ground level. Initially, a fixed vol-
ume of water was placed in each tin. When the foot was
placed in the tin, the overflow was collected in a basin and
was measured in a graduated cylinder that had a capacity
of 250 milliliters. The volume of the foot was calculated as
the volume of the displaced water added to a constant vol-
ume of water that corresponded to the volume that would
have been required to bring the initial level of water in each
tin up to the level of the spigot. This procedure, by which
the tin was initially only partially filled, was used to save
time. Repeated measurements on a single subject showed
that the measurements of volume were reproducible to
within thirty milliliters, which was about 4 per cent of the
volume of the foot.

Measurement of the Length and Width of the Feet
The subjects stood with the feet on two sheets of ruled

width

length

FiG. 1

The length and width of the feet were measured as the distances between pen marks that were made by inserting a pen through a hole in a block
that was held lightly against the bone prominences. Subsequently. each measurement was adjusted for the distance between the surface of the block

and the pen hole (twelve millimeters).
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graph paper placed side by side, with the tips of the first
toes and the backs of the heels aligned with the long axis
of the paper. The distance between the feet was not con-
trolled; each subject separated the feet in a way that was
comfortable. The positions of the feet were standardized on
the graph paper to minimize variation in length and width
due to changes in body habitus and in the position of the
center of gravity. A Plexiglas block that had a hole in its
center to hold a pen was then placed lightly against the
medial prominence of the head of the first metatarsal and
the lateral prominence of the head of the fifth metatarsal,
the tip of the first toe, and the posterior aspect of the heel
(Fig. 1). In each position, the pen was used to mark the
graph paper. Length and width were measured in the sagittal
and coronal planes using the four marks on the graph paper.
These measurements were then adjusted to account for the
distance between the hole for the pen and the surface of the
block that had been placed against the foot. Repeated mea-
surements of length on a single subject were found to be
accurate within 3.5 millimeters, which was about 1.5 per
cent of the length of the foot. Repeated measurements of
width were accurate within two millimeters, which was
about 2 per cent of the width of the foot.

Results

The measurements made at the first, second, and third
visits of the patients and at the two visits of the controls are
summarized in Tables II and III. The changes in length,
width, and volume between visits were analyzed using a
Student paired-sample t test. No statistically significant
changes were found in any measurement that was made on
the control group. For the patients, the changes in volume
between thirteen and thirty-five weeks of gestation and be-
tween thirteen weeks of gestation and eight weeks postpar-
tum were statistically significant (both, p < 0.001). Between
thirteen and thirty-five weeks of gestation, the mean increase
in volume was 57.2 milliliters, and between thirty-five
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TABLE 11
MEASUREMENTS OF THE FEET*
Length Width Volume
(mm) (mm) (ml)
Patients
13 weeks of 240.3 = 10.6 89.3 + 4.2 670.6 = 57.7
gestation
(n =17)
35 weeks of 2409 = 104 90.0 = 3.8 725.3 = 63.4
gestation
(n = 12)t
8 weeks 240.5 = 10.2 89.5 + 4.2 717 = 60.0
postpartum
(n =17)
Control group
Initial visit 241.6 = 9.6 89.9 + 5.3 709.5 + 67.4
(n = 16)
Second visit 241.5 £ 95 89.8 + 5.4 707.6 = 63.2
(n = 16)

* Mean and standard deviation of the left and right feet.
+ Five of the seventeen patients were not examined at the thirty-five-
week interval.

weeks of gestation and eight weeks postpartum the mean
decrease in volume was 8.4 milliliters (not significant).
Thus, the mean net gain in volume at eight weeks postpar-
tum compared with thirteen weeks of gestation was 46.43
milliliters (p < 0.001). There were no significant changes
in the length or width of the feet of the patients.

Fourteen of the seventeen patients complained that their
shoes were tight at some time during pregnancy. Eight
bought larger shoes while they were pregnant. Eight weeks
postpartum, four of the seventeen were still unable to wear
the original size of shoe, ten complained of tight shoes, and
three reported having no problems with the feet. The mean
increase in volume for the ten women whose shoes remained
tight was 55.6 milliliters, compared with 42.0 milliliters for
the three patients whose feet had subjectively returned to
normal. Sixteen of the seventeen women reported that the
feet were visibly swollen at some time during the pregnancy.

TABLE 11l

DIFFERENCES IN MEASUREMENTS OF THE FEET*

Length Width Volume
(mm) (mm) (ml)
Patients
13-35 weeks of gestation +0.75 = 0.49 -0.20 = 0.45 +57.2 = 8.04
(n = 12)F (ns) (ns) (p < 0.001)
35 weeks of gestation to -0.15 = 0.43 +0.30 = 0.43 —8.42 * 7.52
8 weeks post- (ns) (ns) (ns)
partum
(n = 12)t
13 weeks of gestation to +0.24 *= 0.35 +0.21 * 0.40 +46.43 + 4.99
8 weeks post- (ns) (ns) (p < 0.001)
partum
(n=17)
Control group
0-12 weeks -0.125 = 0.23 -0.063 = 0.24 -191 =28
(n = 16) (ns) (ns) (ns)

* Positive value = increase, negative value = decrease, and ns =

no significant change. Values are given as mean and standard error.

t Five of the seventeen patients were not examined at the thirty-five-week interval.
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Only one woman complained of pain in the feet while she
was pregnant. This was diagnosed as being due to pressure
on the saphenous nerve, and the pain resolved when she
wore larger shoes. The average gain in body weight was
16.9 kilograms between the first and second visits, and the
average residual gain at six to eight weeks postpartum was
4.8 kilograms compared with the weight at thirteen weeks
of gestation (Table I).

Discussion

Theoretically the mechanical stress of pregnancy or the
physiological effects of the hormone relaxin'*’"'"", or both,
might cause laxity of the ligaments of the feet during preg-
nancy and might account for the complaints of pain and
enlargement of the feet during and after pregnancy. Since
there was no statistically significant change in the length or
width of the feet during pregnancy or immediately post-
partum, it seems unlikely that there is a real increase in the
laxity of the supporting structures in the feet during preg-
nancy. However, it is possible that such changes had already
occurred by the thirteenth week of pregnancy, when we
made our initial measurements, since the level of relaxin
appears to be elevated early in pregnancy''. On the other
hand, no subject reported subjective problems such as tight
shoes at the first visit.
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During pregnancy, there was a statistically significant
increase in the volume of the feet that was equivalent, on
the average, to 8.5 per cent of the volume of each foot. At
the eight-week postpartum visit, the mean volume had de-
creased by only 1.20 per cent compared with the volume
at thirty-five weeks of gestation. This change in volume
appears to be related to an increase in fluid or soft tissue in
the foot, or both, as the result of pregnancy. If the increase
in volume were due solely to retention of fluid, one would
expect it to have resolved by the postpartum visit because
of the rapid diuresis that occurs after delivery. Since it did
not resolve, we must assume that some of this increase in
volume was due to accumulation of soft tissue, presumably
fat®. The design of our study, however, did not permit us
to identify which factors were responsible for the persistent
increase in the volume of the feet.

Subjective complaints of tight shoes and changes in
the size of the shoes are consistent with the observed changes
in the volume of the feet during pregnancy and postpartum.
Increases in extracellular fluid or soft tissue explain the
complaints of enlargement of the feet during and after preg-
nancy since there were no demonstrable changes in the width
of the fore part of the feet or the toe-to-heel length.
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Feet & Pregnancy
As The Pelvis Loosens, So Do The Feet

Body Changes During Pregnancy

Pregnancy triggers a wide range of changes in
a women’s body. The additional weight in the
torso has immediate effects such as increased
curvature in the lower back and a forward tilt
of the pelvis. When a women'’s center of grav-
ity is altered, the weight bearing stance also
changes. This can cause increased demand
on the muscles of the hips, legs and ankles.
These changes contribute to the characteristic
posture and gait associated with the pregnant
women 1.

The fact that feet change during pregnancy
comes as no surprise to most women. Even if
they are pregnant for the first time, most wom-
en have heard stories or warnings about in-
creasing shoe sizes, foot pain and swelling. So
what are the facts behind these problems and
can these problems be helped?

Foot Problems Associated With Pregnancy

A common complaint — often overlooked - of
women during pregnancy is foot pain. Women
adjust their pattern of walking during pregnan-
cy to improve stability. This is done to accom-
modate for obvious shifts in weight distribu-
tion and center of gravity, and requires muscles
in the hips, pelvis, legs and ankles to work dif-
ferently.

There are two common changes associated
with the foot during pregnancy. The first is an
increase in volume or size caused by edema
(swelling) and the second is an increase in size
caused by a looseness or laxity of the ligaments
that support your foot. This ligament laxity is
caused by a hormone called relaxin which is
the same hormone that is loosening the liga-
ments of the birth canal and pelvis in prepara-
tion for delivery. This hormone is does not tar-
get only the birthing ligaments, and has wide
ranging effects throughout the body. The liga-
ments that hold the 26 bones of your foot can
be affected, and as these ligaments loosen the

Low Back
Curve

Knees:
move closer

together & |
backwards |

During pregnancy, the feet flatten and spread out
Jrom side to side and length-wise

Hormonal changes during pregnancy which aid the
necessary pelvic expansion during birth also relax ligaments
in the feet. This plus weight gain can flatten arches, leading
to changes at the knee, hip and back.

arch of the foot collapses or over-pronates. Since
the levels of relaxin are elevated in early preg-
nancy, these changes can occur over a period of
months.

Also common during pregnancy are painful
calluses, corns and cracked heels. These com-
plaints are indicative of the underlying problem
of your foot flattening and spreading out while
your shoes remain the same size.

Are These Changes Permanent?

Studies in the Journal of the American Podiatric
Medical Association have shown that the chang-
es in the way a women walks during pregnancy
have lasting effects and may not return to nor-
mal following birth 2. Some experts feel that the

1
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shoe size changes associated with pregnancy
are permanent 3.

How Is It treated?

Unfortunately for many women, problems asso-
ciated with their feet are often not addressed ad-
equately. Complaints in the feet, knees and hips
are often deemed secondary and dismissed in
the hope that the problem will resolve sponta-
neously after birth4. This may be because many
clinicians are concerned that the treatment
protocols for these problems in non-pregnant
women are inappropriate and even dangerous
in pregnant women. Unfortu-
nately this can lead to a treat-
ment strategy of benign ne-
glect.

The first step in addressing your
foot pain is to remove any po-
tential interference with your
changing foot. To help with the
swelling, soak your feet in cold
water and prop them up to help
with drainage. Buy a few new
pairs of roomy comfortable
shoes. Be aware that your feet j
may continue to change with each pregnancy.
Avoid the use of shoes with heels as these only
accentuate the problems in your foot at a time
when it is at its weakest structurally.

Custom Foot Orthotics

The over-pronation associated with pregnancy
is best treated with a truly custom, biomechani-
cally correct foot orthotic. In fact, pregnancy
provides an opportunity to address foot prob-
lems while your foot is malleable and able to
adapt to a new position. Using the time while
you are pregnant to support your foot in a new
corrected position will allow proper functioning
and decreased pain for years to come.

A Sole Supports™ foot orthotic is calibrated to
your weight and foot flexibility, two measures
which are crucial to the foot during pregnancy

and beyond. A Sole Support orthotic will sup-
port your arch more than any other orthotic, ef-
fectively raising your arch. This raising will cause
a shortening of the foot as it is placed in its opti-
mal position and may actually reduce the need
for bigger shoes. Changing your foot posture
can also help unwanted postural changes in
the knees and lower back. These orthotics are
adjustable by your practitioner, allowing the
orthotic to be changed as your body changes
during pregnancy.

Early preventative treatment with an orthotic is
crucial for avoiding the development of other
foot problems associated with over-pronation
and arch drop such as plan-
tar fasciitis (heel pain), bun-
ion deformities and meta-
tarsalgia (pain around the
ball of the foot).
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Sudy of Pregnant Women Shoes Design Based on Ergonomics
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Abstract: The features of the pregnant woman's shoes design was analyzed based on Ergonomics. Firstly, according
to the group of pregnant woman foot's characteristics, three-dimensional foot-measuring instrument was used to
measure the foot, the data of pregnant woman’s foot were collected and analyzed, the data of foot in designing of
shoes were determined. Secondly, shoes market of pregnant woman were surveyed and anayzed to contrast between
China and foreign status of pregnant woman shoes, to find the problems of pregnant woman's shoe design and to
bring forward improvements. Finally, the sample of pregnant woman's shoes were designed and made, the best
scheme for pregnant woman was attained by the wearing tests of pregnant woman's shoes, and a set of systems for
evaluating the comfort of pregnant woman’s shoes was built.

Key words. Ergonomics; pregnant women's shoes; the comfort of the footwear

1 Introductions

In early pregnancy of 1-3 month, the shape of normal pregnant woman doesn’t change munch; in the
mid-pregnancy, uterine and weight increased at the same time. The arising pressure made the abdomen of
pregnant women lordosis, center of gravity back, all that make them feel hard to walk; in late pregnancy,
fetal is bigger and the abdomen outstanding forward, the body center of gravity is forward. In order to
maintain the balance of the body, pregnant women often take walking position of after the dump, which
will make them feel pain in the back, have lower limb and feet surface edema, and have difficulty in
walking. As for the feet” swelling, as well the change in shape and walking position of pregnant women,
we need to improve the overall design of the pregnant women, and the main purpose of design is to
change the gravity of pregnant women so as to eiminate the physical phenomenon of fatigue. The
pregnant women shoes should be divided in shoes of the early stages of pregnancy (0-6 months), and
shoes of late pregnancy of (7-9 months), in accordance with the phenomenon of big shape change of
pregnant women in different period of pregnancy. Finally, we also need to take it into consideration that
the design of pregnant women shoes should has the characters of protection of pregnant women and fetus,
aswell asthe comfort wearing, health, convenience, etc.

2 Thekey points of designing pregnant women shoes

To design a pair of suitable shoes for pregnant woman, we should take the body and feet
characteristics of pregnant women as the basis, and the shoes should not only have reasonable structure
design and beautiful style design, but also have good health properties.

In order to solve the problem of leg edema, we measured the characteristics positions of foot;
including plantar circumference and tarsal circumference to get the loose degree of pregnant women
shoes. By measuring the experimental, data obtained as follows:

" Corresponding author. Phone: +86-(0)573-83647635. E-mail: peng_wenli@163.com; Project Number: 08JK 230
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Tab. 1 The plantar circumference and tar sal circumference data comparison of pregnant women (unit: mm)

Average Maximum i Minimum .
Average Maximum Minimum
Data value of value of value of
value of tarsal value of tarsal value of tarsal
resources plantar ) plantar ) plantar .
. circumference . circumference . circumference
circumference circumference circumference

Before

225.3 225.3 226 227.1 223.1 224
pregnancy
Pregnancy of

225.8 225.6 227.1 228 224.2 224.3
3 months
Pregnancy of

225.9 226.8 227.9 228.8 224.9 225.7
4 months
Pregnancy of

226.2 227.1 228.5 229.4 225.1 226.2
5 months
Pregnancy of

egnancy 226.8 228 229.1 230 225.9 227

6 months
Pregnancy of

227.2 228.3 230.5 231 226.5 227.4
7 months
Pregnancy of

228.1 229.4 230.9 231.8 227.2 228.1
8 months
Pregnancy of

228.8 230.7 28W5 232.2 227.8 228.6
9 months

We can see from Tab.1, pregnant women usually have got legs and feet swelling around 3 months of
pregnancy; swollen feet will be more obvious about 6 months pregnancy, the swollen feet and legs will be
outstanding on the eve of childbirth. Trough the above data analysis, we can get the curve figure of feet
shape of pregnant in Fig.1.
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Pregnancy of months

Fig.1 Theregulation figure of pregnant women’s feet shape change

Drawn in accordance with Fig.1, the maximum plantar circumference change value of pregnant
women is 3.3mm, about half type of the difference, the change value of tarsal circumferenceis 5.2, more
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than half type of difference, the chosen of last type of pregnant women shoe should be half size bigger,
such as 23 # (I1 ) or 23 # (Il half). The experimental data show that the flexibility of shoes should be
bigger than 5.2mm, and is most appropriate for about 10mm in accordance with trying-use experiment.

3 Theevaluation and analysis of preghant women shoes

In accordance with the changes data of pregnant women feet, the author produced five different
types of pregnant women shoes, which are suitable for pregnant women to wear. And the shoes have been
wore and evaluated. The evaluation method is mainly trying-use experiment research method.
3.1 Thetrying-use experiment

The trying-use experiment connects the subjective sense of pregnant women with the shoes directly;
the results of its evaluation can best embody the true feelings of the human body when wearing. This
method is the most commonly used means of testing in present Ergonomics. It has been widely used in
the comfort testing of footwear and appare!.
311 Testsamples

Five different styles of end products: including sandals, in Fig.2; cotton shoes in Fig.3, single shoes
in Fig. 4 and Fig.5 and home shoes, in Fig.6.

Experimental environment: 20 Celsius degrees indoor laboratory.

Subjects: The subjects were 20 healthy pregnant women of different pregnancy period, aged from
22-year-old to 28 years old, average height of 160mm, shoes yards for 36 yards, no foot disease, and the
average weight of 60kg.

Fig.3 cotton shoes

Fig.4 Asakuchi single shoes Fig.5 Elastic single shoes Fig.6 home shoes
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3.1.2 Experiment method

The subjects tired the five types of sample shoes on, tested and evaluated the comfort. The order is
random. The subjects tried each type of the five types of the sample shoes. Test status is walking, try on
pairs of shoes each time for 100 minutes.

The content of test in Table 2 and level of comfort settings have been decided through the pre-test.

3.2 Theevaluation results of pregnant women shoes

In order to do better in the trying-use experiment, evaluate the trying-use results by using fuzzy
comprehensive evaluation method, this article designed a comfort evaluation table in accordance with the
physiological characteristics of pregnant women, as shown in table 2. Since the comfort result
questionnaire is filled out by those who have been tried and tested on the target, and they do not know
much about shoe-related terms, the popularization description has been used to illustrate foot shape
principle in the comfort questionnaire.

Tab.2 Comfort Evaluation Table of Pregnant Women Shoes

Survey Items Survey Feedback
a. The suitability of shoeslength oTooshort  oComfort oLonger oToolong
b. Wear off convenience oComfortable oUncomfortable

Cause of uncomfortable:
¢. The suitability of shoeswidth oSeriously pinch oPinch alittle oSuitable oToo wide

d. Non-dlip performance of soles oEasy to dip oRelatively non-slip oGood anti-skid

and insoles

e. Circumference suitability of oToo big, feet in shaking shoes oSlightly bigger, does not affect walking
foot joints oSuitable oSmall, extrusion

f. The suitability of instep oToo hig, foot forward  ocRight sze oThe circumference
circumference size oToo small, bound to instep

g. If the ingep height can be oFoot gap istoo large, foot upward displacement
adjusted to be applicable to the olnstep fedls painful when walk due to oppress
problem of pregnant women feet olnstep feels painful when stand dueto oppress

edema
h. If the sole hold arch oWell, entirely fitting arch
oNot to hold arch, arch empty
otoo large, againg arch
i. If thereisany pressure to toes oNo pressure oA littlebit pressure  oStrong pressure
j- Suitability of heel height oToo short oSuitable oToo high
k. Health performance oGood Swesat-absorbent and breathabl e performance
oGood breathabl e performance but bad sweat-absorbent performance
oGood sweat-absorbent performance and but bad breathabl e performance
oBad Sweat-absorbent and breathabl e performance
|. Damping effect oNo sense of vibration oLittle sense of vibration oLarger vibration
m. Anti-fatigue of long-running oGood oCommon oNot good
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Trying-use Result: Among the subjects, the vast mgjority of pregnant women feel that the designin
terms of no matter shoe style, color or location of function is relative reasonable and the results are as
shownin Fig.7.

50
40

30
20 OThe number of trying

B The number of satisfying

10

0
Sandals Cotton  Single Home shoes
shoes shoes

Fig.7 Satisfaction Histogram of Pregnant women shoes
In addition, the comfort evaluation forms filled by the subjects reflected the problems in the
experimental shoes and revisions have been made.

4 Thedesign principle and method of pregnant women shoes

Based on extensive market research and evaluation results of pregnant women shoes, pregnant
women shoes design should follow the design features as following.
4.1 Ergonomics and last design of pregnant women shoes

Taking the feet edema problem of pregnant women into account, the best selection of Last first type
is models loose, so that the toes can make a smooth open so as to help pregnant women maintain a stable
center of gravity. Big round and wide head of Last types are good choices, as far as possible to avoid the
use of cone-shaped type. The selection of the shoe last models should be loose-1l or Il half, rather than a
type commonly used in half due to varying degrees of feet edema of pregnant women, so that pregnant
women will not feel theinstep swelling pressure.
4.2 Ergonomics and upper surface designs of pregnant women shoes

It is better to choose the easy wear-off style shoes, and the all covering shoe is a good choice.
Although the style of Asakuchi shoes are very convenient to wear off, but it is not easy to hold the fest,
and the pregnant women need to spend the extra effort to seize the shoes. In addition, the ankle protection
function of this type is relatively wesk, it is easy to get twisted feet, and may cause abortion in the early
stages of pregnancy, premature delivery in late pregnancy. Therefore, it is better not to consider this
model during pregnancy. Not only the elastic band and trip are convenient to wear off, but also their
extension performances can ensure the flexibility of the pregnant women shoes to be around 10mm so as
to solve the foot swelling problem during pregnancy, and meet different dress requirements of pregnancy.
4.3 Ergonomics and hedl designs of pregnant women shoes

With the wide heel to support the body, cone-shaped with little contact with the ground area can not
be used, and the design of the slope with too much contact with the ground also can not be chosen.
Assembly hedl style should be used, adopt root or wedge-shaped in the design, the reason is that they
maybe could make arch needn’t to support the body’s height so to increase the stride strength, and avoid
heavy weight oppression on arch to increase stability. It is suitable for pregnant women in the early stages
of pregnancy wear shoes with heel height of 15 to 30mm, which can make the gravity center of the
pregnant forward. While in the latter pregnancy, it was chosen to design relatively short heel, or even
close to flat-bottomed design, of 10mm generally, which can make the gravity center backwards, so that
pregnant women can walk smoothly.
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4.4 Ergonomics and sole design of pregnant women shoes

The outsole width of pregnant women shoes is wider than the outsole width of common women's
shoes, and the wear-resistant and Anti-slip sole pattern will be used. In addition, the sole weight should be
light; the shoes mentioned in this article use EVA soles, which are light and non-slip.

4.5 Ergonomics and function design of pregnant women shoes

In order to solve the problem of pregnant women feet edema, the breathable layer of super-elastic
fibers can be put between upper and upper lining, which will be adjusted automatically to fit the feet
shape of preghant women, so that the shoes can be wore in any period of pre, medium-and late
pregnancy. Shell fabric must be certain materials of health properties, to say the choice of leather or fabric,
a layer of cotton cloth can be added in the pasition of instep lining and around the place, which will be
not only more breathable but also more Sweat-absorbent, and this design is suitable for feet edema and
daily sweat gland secretion of pregnant women, so that the feet sweat will not stay on feet, and has o
occurrence of athlete's foot disease. Insoles can be doubled that the breathable non-slip insole pasted
above insole with ventilation holes to the purpose of perspiration and non-slip, at the same time widening
breathable insoles inside to support arch, reduce vibration and fatigue.

4.6 Ergonomics and color design of pregnant women shoes

The color use of pregnant women shoes pursuit beauty of forms while at the same time take the
human body, shoes and so on practical factors into account. As for different seasons, warm green, pink,
yellow and other colors can be used for spring shoes of pregnant women to create a fresh atmosphere of
warm clothing, the number of color levels can be enriched. First of all summer shoes of pregnant women
should give a cool, comfortable feeling to people, so high-brightness white, blue, purple, yellow and other
colors should be selected, so that those who wore it appear to dress light. Winter Color of pregnant
women winter shoes should not be so shallow, and the blue, green, dark and cold color with a contraction
effect can be used. We can also choose a warm light tan, brown series, or color in a large area using a
small color for decorative purposes, or use Decorative button and decorative pieces to the beautiful colors
to match the overall feel so as to avoid being too boring.

4.7 Ergonomics and material chosen of pregnant women shoes

Taking into account the material's softness, shape and the issue of grade of women's shoes, natural
leather with relatively good health properties is the first materials should be chosen for pregnant women.
Soft high quality leather and goatskin are good choices for the mid-range shoes of pregnant women, and
high-quality calfskin isthefirst choice for high-grade shoes of pregnant women.

Thefirst layer pig skin with breathabl e performance and an affordable price will be used for lining of
mid-range shoes of pregnant women, while the goat skin lining will be used to design the top-grade shoes
of pregnant women.

Polyurethane or TPR with light weight and anti-skid features can be chosen for sole. A certain soft
EVA material can be used for the purpose of reducing weight, decompression and damping, combined
with the most suitable large solid 20 mm high heels, and so to effectively prevent post-natal spine pain.

5 Conclusions

In accordance with the design and comfort evaluation results, we summarized design principles and
methods of pregnant women shoes as follows:

Pregnant women shoes design principle must be people-oriented, and carry out the design strictly by
taking to the human characteristics of pregnant women as the basis, so as to protect pregnant women and
intra-abdominal fetal health, as well as pay attention to the tremendous changes of psychological feelings
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and maternal size. Pregnant women shoes design is to make women feel comfortable wearing, and to
minimize the mental irritability and fatigue of the physiological phenomenon.

Pregnant women shoe design should be fashionable and generous,; Shell fabric and instep lining
should be moisture absorption, air permeability; sole materials be considered moderate severity, wearable,
non-slip, and a good shock absorption performance, additional burden should not be given to pregnant
women; heel height should be moderate, it is not suitable for pregnant women to wear high heel shoes, it
is necessary to take the phenomenon of different gravity center of the pre-and post-pregnancy into
consideration, to adjust the gravity center by the height of the heedl so as to reduce the fatigue of pregnant
women; heel type is generally large rooted design, and it is smooth and comfortable; help the design of
outsol e structure or materials must be convenient to wear-off..
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A13197 2 118A4 Scanner Specification

Scanner Specification

Product Automatic 3D Foot Scanner (Infoot)

Dimension 685(L)x400(W)*310(H) mm

Power Supply 100-240V £10% 50/60Hz

Power Consumption | Max 150W

Gross Weight 24Kg

A15197 3 118A9 Scanning Spec

Scanning Spec

Scan speed 30 mm/sec and 15mm/sec

Data Processing | About 10 sec/foot

1.0mm step : Y(W)-Z(H)=1mm, X(L)=2mm
Accuracy

0.5mm step : Y(W)-Z(H)=1mm, X(L)=Imm

Data Format FBD (Original binary data format)

Scan Area 400(L)*200(W)*150(H) mm




M135199 4 1AA3 Conditions

Conditions

Scanning Target | Human Foot, Land Marker

Max Object Size | Less than L=380mm, W=180mm

Weight Limit 200 Kg/person

Prohibition Absorption and Reflection of laser and brightness

A15199 5 LEA PC Requirement

PC Requirement
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