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Background: During pregnancy, physical and hormonal modifications occur. Morpho-
logic alterations of the feet are found. These observations can induce alterations in
plantar pressure. This study sought to investigate plantar pressures during gait in the
last 4 months of pregnancy and in the postpartum period. A comparison with nulliparous
women was conducted to investigate plantar pressure modifications during pregnancy.

Methods: Fifty-eight women in the last 4 months of pregnancy, nine postpartum women,
and 23 healthy nonpregnant women (control group) performed gait trials on an electronic
walkway at preferred speeds. The results for the three groups were compared using
analysis of variance.

Results: During pregnancy, peak pressure and contact area decreased for the forefoot
and rearfoot. These parameters increased significantly for the midfoot. The gait strategy
seemed to be lateralization of gait with an increased contact area of the lateral midfoot
and both reduced pressure and a later peak time on the medial forefoot. In the
postpartum group, footprint parameters were modified compared with the pregnant
group, indicating a trend toward partial return to control values, although differences
persisted between the postpartum and control groups.

Conclusions: Pregnant women had altered plantar pressures during gait. These
findings could define a specific pattern of gait footprints in late pregnancy because
plantar pressures had characteristics that could maintain a stable and safe gait. (J Am

Podiatr Med Assoc 106(6): 000-000, 2016)

During pregnancy, several modifications occur:
ligament laxity increases' and skeletal alignment
changes.?* Furthermore, many women experience
an increase in the size of their feet, forcing them to
wear larger shoes. Pregnant women'’s foot morphol-
ogy and, therefore, footprints are likely to change.?

Alvarez et al® analyzed morphologic alterations of
the feet between the 13th and the 35th weeks of
pregnancy. They showed no modifications of foot
length and width; however, the average volume of
the foot increased by 8.5% and then decreased after
delivery. These changes can be attributed to fluid
retention in the tissues, increased tissue, or a
modification in ligament laxity. This study did not
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clearly identify the factors responsible for the
increased foot volume. In 2013, Segal et al® pointed
out a decrease in medial arch height and greater
flexibility of the feet in 60 pregnant women.
Therefore, mean + SD foot length increased by 1.4
* 0.3 mm during the first trimester of pregnancy.
Medial arch drop was correlated with excess foot
pronation (r = 0.8). This pronation, leading to
flatfoot, was also observed by Block et al” and
Nyska et al.® Hypotheses to explain these observa-
tions could be increased ligament laxity of the first
metatarsophalangeal, subtalar, and midtarsal joints
and decreased stiffness of the tibialis posterior
muscle, causing a decrease in the talar head size by
1to 2 cm.”8

These observations can induce alterations in
plantar pressure. For several authors,%%° footprint
modifications may contribute to the increased risk
of musculoskeletal disorders in women.

According to Birtane and Tuna,'? in their study of
obese people, it seems that plantar pressures are
dependent on mass. During pregnancy, women gain
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approximately 10 kg.!'12 So, pregnancy seems to be
a time when plantar pressure can change. Never-
theless, we must keep in mind that mass gain in
pregnant women differs, in place and time, from
that in an obese population.

According to the literature, pregnant women
when walking show increased rearfoot pressure
and decreased forefoot pressure, with more loading
on the metatarsal heads than on the toes.!? The
midfoot appears larger, with more support on the
medial side of the hallux causing greater peak
pressure and foot pronation; therefore, the contact
surface of the foot increases by 8% in pregnan-
cy.81415 On the other hand, peak pressure increases
on the lateral side of the foot, suggesting laterali-
zation of gait.® Pregnant women also walk with a
wider base of support, and, consequently, center of
pressure displaces in a different pattern.!® These
changes were in relation to foot adaptations to
distribute the uniformly increasing load without
increasing the overall plantar pressure.®!> Contact
time on the ground increased significantly through-
out pregnancy, confirming that pregnant women
walk slower. 1417

According to Titianova et al'® and Mitternacht et
al,’® footprints are directly or indirectly dependent
on mass: heavier individuals have a longer peak
time, a larger midfoot contact area, and increased
peak pressure under the heel. Footprint parameters
are connected with the spatiotemporal parameters
of gait. For this reason, the study of plantar
pressures and especially peak pressures can con-
tribute to the clinical evaluation'® of foot pain
during pregnancy.

The purpose of this study was to investigate
plantar pressures during gait in the last 4 months of
pregnancy and in the postpartum period. A com-

parison with nulliparous women was conducted to
investigate plantar pressure modifications during
pregnancy.

Methods

Participants

The characteristics of the study samples are
presented in Table 1. Fifty-eight pregnant women
aged 25 to 41 years with no history of foot, ankle, or
knee musculoskeletal pain; no pelvic girdle pain; no
neuromuscular trauma or disease; and no cardio-
vascular problems participated in this study. Wom-
en with twin pregnancies and pregnancies with
complications were excluded. The pregnant group
(PG) was divided into four subgroups: 1) month 6
(amenorrhea gestational weeks 256-28), 2) month 7
(amenorrhea gestational weeks 29-32), 3) month 8
(amenorrhea gestational weeks 33-36), and 4)
month 9 (amenorrhea gestational weeks 37-41). Of
the pregnant women, 59% worked, 28% were
inactive, and 13% were students. Concerning parity,
71% of women had no children, 27% had one child
and 2% had two or more children.

The postpartum group (PPG) comprised nine
women (16-32 weeks after delivery) (Table 1). The
pregnant and postpartum participants were recruit-
ed via direct contact during prenatal and postnatal
gymnastic classes.

Twenty-three healthy nulligravidae women aged
21 to 38 years agreed to take part in the study as a
control group (CG) (Table 1). All of the participants
gave written informed consent before participation
in the study as approved by the local ethics
committee. Participants were recruited between
January 1, 2009, and December 31, 2011.

Table 1. Characteristics of the Pregnant, Postpartum, and Control Groups

BMI
Group No. of Women  Age (Years) Height (cm) Mass (kg) Before Pregnacy  During Test  Mass Gain (kg)
Pregnant
Month 6 8 26 = 1 168 = 6 72 9 23+ 3 25+ 3 8+4
Month 7 17 285 165 = 6 70+ 9 22 *+3 26 + 3 11 +3
Month 8 23 306 165 = 6 73 =10 23+6 28+ 6 10+ 4
Month 9 10 29 £3 168 = 7 73+ 8 19 +7 26 =3 12+ 4
Global 58 29 x5 166 = 6 72+ 9 22 +5 27 x5 10+ 4
Postpartum 9 31 =6 167 = 6 74 = 19 NA 26 + 6 NA
Control 23 27 £5 168 = 6 63 = 10 NA 22+ 3 NA

Note: Data are given as mean = SD.

Abbreviations: BMI, body mass index (calculated as the weight in kilograms divided by the square of the height in meters); NA, not

applicable.
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Materials

Footprint parameters during gait were measured
using the GAITRite electronic walkway (GAITRite
Gold; CIR Systems, Franklin, New Jersey), measur-
ing 6.1 m long and 61 cm wide. Embedded pressure
sensors form a horizontal grid. Data were sampled
at a frequency of 100 Hz. The walkway is connected
to a personal computer by a serial interface cable.
The characteristics of the plantar pressure were
treated by the software associated with the system
(GAITRiteGOLD, version 3.9).

The GAITRite algorithm defined the footprint by a
quadrilateral of a footprint, which is geometrically
represented by 12 trapezoids: six medial and six
lateral (Fig. 1A). To simplify the results, the 12
trapezoids were assembled two by two to obtain six
zones corresponding to the following areas: medial
and lateral rearfoot, medial and lateral midfoot, and
medial and lateral forefoot (Fig. 1B). The software
provides a visual representation of the pressure
distribution with a seven-level chromatic pressure
scale. The system normalizes the pressure value and
expresses it as a percentage of the maximum
pressure.20

Methods
Before performing the motor task, anthropometric

data (age, shoe size, body mass, and height) were
recorded for each participant. The length of the

A

C2

C1

lower limbs (from the anterosuperior iliac spine to
the medial malleolus) was determined with a tape
measure in dorsal decubitus. Each participant was
invited to walk barefoot on the GAITRite walkway.
The motor task consisted of three gait trials at their
preferred speed. A rest period was allowed between
trials. To counter the methodological bias of
acceleration and deceleration in gait, the partici-
pants started walking 2 m ahead of the walkway and
finished the trial 2 m after the end of the walkway.

Data Processing

Four dependent variables?® were analyzed for the
six zones. P*t is the sectional integrated pressure
over time expressed as a percentage of the overall
integrated pressure over time. Peak time is the first
time point at which one or more sensors in a zone
were at the maximum switching level. Area repre-
sents the sum of the active sensor areas in a zone.
Peak pressure is the maximum sectional switching
level expressed as a percentage of the overall
maximum switching level.

Statistical Analysis

All of the statistical procedures were conducted
using Statistica 5.0 software for Windows (StatSoft
Inc, Tulsa, Oklahoma). To investigate normal
distribution of data, we used the Kolmogorov-
Smirnov test. All of the scores were found to be

B
LF

LR

MR

Figure 1. Footprint subdivisions. A, The 12 trapezoids.2° B, The reduction to six trapezoids. LF, lateral
forefoot; LM, lateral midfoot; LR, lateral rearfoot; MF medial forefoot; MM, medial midfoot; MR, medial

rearfoot.
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normally distributed. A Student ¢ test for paired
samples was not significantly different between
sides; data from the left and right feet were, thus,
averaged.

A first analysis of variance (ANOVA) for repeated
measures was performed for comparison of all of
the variables between the different groups (be-
tween-groups factor) and zones (within-group fac-
tor). A second ANOVA was performed for compar-
ison of all of the variables between the different
months of pregnancy (between-groups factor) and
zones (within-group factor). When a significant
effect was found, the least significant difference
post hoc test was applied. The statistical level of
significance was set at P < .05.

Results

For all four parameters (peak time, P*t, peak
pressure, and area), ANOVA showed significant
differences among the six zones (P < .001).

Peak Time

Figure 2A shows peak time for all of the groups. No
significant differences were observed among the
different months of pregnancy. Nevertheless, a
significant difference (P < .001) was noted among
the three groups (PG, PPG, and CG); between PG
and CG, the differences were significant for all of
the areas.

The PG had a later mean = SD peak time than CG
(0.10 = 0.03 sec; P < .001). This value represents an
increase of time by 27% for the rearfoot, 43% for the
medial midfoot, 77% for the lateral midfoot, and 16%
for the forefoot.

Between PG and PPG, a mean = SD decrease of
0.05 = 0.02 sec over the entire foot was measured
(P =.001). It was the same between PPG and CG,
with a mean = SD reduction of 0.06 = 0.02 sec (P <
.001). Note that all of the groups presented the
largest differences in the midfoot, especially on the
lateral side.

P*t

Figure 2B shows the P*t results. No significant
difference was observed between the months of
pregnancy or between groups. Concerning laterality
(P zones < .001), larger pressure was applied to the
medial rearfoot (+4%). The lateral midfoot (+11%)
and lateral forefoot (+4%) side received higher
pressure than the medial side.

Journal of the American Podiatric Medical Association « Vol 106 « No 6 + Month/Month 2016

Peak Pressure

No significant differences were noted among the
months of pregnancy, but a difference (P = .013)
was found among the three groups. Figure 2C shows
the distribution of the peak pressure. Compared
with CG, PG displayed decreased peak pressure for
the medial rearfoot and forefoot by 1% (P < .001),
accompanied by an increase of midfoot pressure by
2% on the lateral side and by 1% on the medial side
(P < .001). Between PG and PPG, PPG peak
pressure increased on the medial forefoot (+1%)
and decreased on the lateral midfoot (—1%).

Area

No significant change was observed during preg-
nancy. However, a significant difference (P = .017)
was found among the three groups. During preg-
nancy, PG had reduced contact surfaces compared
with CG for the rearfoot and forefoot (—10% for the
medial rearfoot and —8% and —13% for the medial
and lateral forefoot, respectively) (P < .001). In
contrast, an increase of 41% was recorded for the
lateral midfoot (P < .001) (Fig. 2D). The contact
area of the lateral midfoot was reduced by 18% in
PPG compared with PG.

Discussion

In this study, we investigated plantar pressures
during gait in the last 4 months of gestation. In
addition, via a control group, the effect of pregnan-
cy was assessed.

Plantar Pressures in the Last 4 Months of
Pregnancy

Within the limitations of the study, the present
results suggest that plantar pressures were not
altered in the last 4 months of pregnancy. The
differences in plantar pressures shown between
pregnant women and controls suggest that the
adaptations might have taken place before the last
4 months of pregnancy and remained stable until
delivery.

Effect of Pregnancy

We observed in previous studies that pregnant
women showed decreased gait velocity and in-
creased stance phase.l” Peak time could confirm
these results: In each area it increased significantly
by a mean = SD of 0.10 * 0.03 sec, in particular for
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Figure 2. Mean + SD values of the four footprint variables in the pregnant, postpartum, and control groups for
the six zones. A, Peak time. B, P*t. C, Peak pressure. D, Area. 'P < .001 pregnant vs control. 2P < .001
pregnant vs postpartum. 3P < .001 control vs postpartum.

(continued on next page)
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Figure 2. Continued.

the midfoot, which recorded an increase in peak
time of 77% laterally and 43% medially. These
findings are consistent with lower gait velocity!”
and longer step times.!®1%19 Goldberg et al'4
reported an increase in contact time, indicating a
slow gait, and observed a link between gestation
and contact time (r = 0.39; P =.0007). The present
study showed that peak time increases in pregnant
women were especially large in the midfoot areas,
which may be related to gait stabilization strategies
developed during pregnancy.

Concerning peak pressure, two peaks were
observed corresponding to heel strike (first peak)
and propulsion (second peak). Pregnant women had
decreased peak pressure and contact area at the
forefoot and rearfoot, resulting in an increase of
these two parameters at the midfoot. Nevertheless,
the results of previous studies were disparate. In
agreement with the present work, Gaymer et al'®
observed increased plantar pressure at the midfoot
but not at the heel or forefoot. In contrast, Goldberg
et al'* measured a general increase in ground
contact forces during pregnancy: Pregnant women
displayed amplified pressures on the rearfoot but
decreased pressures on the forefoot.

The increased contact area of the midfoot is
probably linked to the body mass gain in pregnant
women. Titianova et al in 2004'8 showed a link
between these two variables (0.35 < r < 0.41; P <
.001). With the increase in mass, they observed a
larger midfoot contact area, and the forefoot and
rearfoot contact areas were reduced. Nyska et al®
highlighted an increase of 8% of the total plantar
area in pregnant women. The present study con-
firmed these values, with an increase of 10%.

Another hypothesis advanced to explain the

Journal of the American Podiatric Medical Association « Vol 106 « No 6 + Month/Month 2016
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changes in footprints during pregnancy was the
modification of the structure of the foot. Several
authors®®!? observed that an increase in the volume
of feet could promote distribution of support across
all areas of feet. On the other hand, foot pronation
observed during pregnancy could alter the footprint.
This pronation, leading to flatfoot, increases the
support surface, particularly in the medial midfoot.
The increase in peak pressure at the midfoot can be
a consequence of flatfoot in pregnant women.
Conversely, the decrease in plantar pressure at
the forefoot can be explained by the stance strategy
of pregnant women as explained by Nyska et al.3 A
preferential support on the metatarsal heads and
not on the toes used during pregnancy may induce
shortening of the posteroanterior displacement of
the center of pressure. This strategy would improve
the stability of the pregnant woman in the sagittal
plane despite the increase in abdominal mass.
These considerations lead us to consider that
pregnant women more evenly use the different
areas of the feet while promoting lateralization of
support when they walk. This lateralization was
accentuated on the forefoot and midfoot: peak
pressure decreased on the medial forefoot and
increased on the lateral midfoot. On the other hand,
the contact area increased significantly on the
lateral midfoot (+41%). Nyska et al® highlighted
this lateralization during gait in pregnant women.
These observations can be linked to the trend
toward hypermobile flatfoot, especially at the first
ray, which is observed in pregnant women. Preg-
nant women tend to exert more pressure on the
second metatarsal, thus promoting lateral support.
They also walk with a wider base of support,'¢
which may explain some of the present results.
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These results confirm the relationship between
footprint, body morphology, and the temporal and
spatial gait parameters highlighted by Titianova et
al.’® One of the possible explanations for gait
modifications in pregnant women may be found in
mass gain, as similar gait characteristics were
reported in overweight people: a slow gait!"?!
marked by an increase in step width (1-2 cm),??
with lateral support®?? on the feet. Pregnant women
seemed, thus, to enhance body weight transfer from
one side to the other when they were walking.

The gait footprint patterns observed in the last 4
months of pregnancy show particular characteris-
tics of plantar pressure distribution that might aim
at maintaining normal gait, with optimal stability.??

Postpartum Women

In pregnant women compared with women in the
postpartum period, peak pressure was increased on
the medial forefoot and decreased on the lateral
midfoot. On the other hand, contact area decreased
on the lateral midfoot.

Average postpartum values for these variables
were closer to those observed in healthy controls,
suggesting a tendency to return to control values.
However, several differences persisted between
women in PPG and CG. For example, contact area
remained reduced at the forefoot and larger at the
midfoot in PPG.

Concerning the limitations of this study, the
methods of selection of women may have influ-
enced the results: Women were recruited during
prenatal and postnatal gymnastic classes. It can be
claimed that participation in such classes improves
body perception and muscle strength. Furthermore,
for organizational reasons, a longitudinal study
could not be achieved. It would have reduced the
risk of differences between groups other than those
related to pregnancy progression. Finally, the small
number of individuals in some groups could be a
limitation of the study. For these reasons, further
studies are required to confirm the results of the
present study.

Conclusions

In pregnant women, a change in plantar pressures
during gait was found compared with healthy
controls. Decreases in peak pressure, contact area,
and peak time were observed for the forefoot and
rearfoot. In contrast, an increase in these parame-
ters was demonstrated for the midfoot. The gait
strategy adopted by pregnant women seemed to be

lateralization of gait with an increased contact area
of the lateral midfoot and both a reduced pressure
and later peak time on the medial forefoot. These
findings could define a specific pattern of gait
footprints in late pregnancy because plantar pres-
sures had characteristics that could maintain a
stable and safe gait.

Financial Disclosure: None reported.
Conflict of Interest: None reported.

References

1. HanseN A, JenseN DV, Larsen E; er AL: Relaxin is not
related to symptom-giving pelvic girdle relaxation in
pregnant women. Acta Obstet Gynecol Scand 75: 245,
1996.

2. Burrock JE, JuiL GA, BurLock MI: The relationship of low
back pain to postural changes during pregnancy. J
Physiother 33: 10, 1987.

3. WurrcoME K, Suapiro LJ, LieBErMAN DE: Fetal load and the
evolution of lumbar lordosis in bipedal hominins.
Nature 450: 1075, 2007.

4. FrankLN ME, ConNErR-KERR T: An analysis of posture and
back pain in the first and third trimesters of pregnancy. J
Orthop Sports Phys Ther 28: 133, 1998.

5. Awvarez R, Stokes IA, Asprinio DE, ET AL: Dimensional
changes of the feet in pregnancy. J Bone Joint Surg Am
70: 271, 1988.

6. SEGAL NA, BovEr ER, TERAN-YENGLE P, ET AL: Pregnancy
leads to lasting changes in foot structure. Am J Phys
Med Rehabil 92: 232, 2013.

7. Brock RA, Hess LA, Tmmpano EV, Er AL: Physiologic
changes in the foot during pregnancy. JAPMA 75: 297,
1985.

8. Nyska M, Sorer D, Porat A, ET AL: Planter foot pressures
in pregnant women. Isr J Med Sci 33: 139, 1997.

9. Birp AR, Menz HB, Hype CC: The effect of pregnancy on
footprint parameters: a prospective investigation. JAP-
MA 89: 405, 1999.

10. BirtanE M, Tuna H: The evaluation of plantar pressure
distribution in obese and non-obese adults. Clin
Biomech 19: 1055, 2004.

11. ABrams B, Parker JD: Maternal weight gain in women
with good pregnancy outcome. Obstet Gynecol 76: 1,
1990.

12. ABrams B, SELvIN S: Maternal weight gain pattern and
birth weight. Obstet Gynecol 86: 163, 1995.

13. BijorkLuND K, BERGSTROM S, NORDSTROM ML, ET AL:
Symphyseal distention in relation to serum relaxin
levels and pelvic pain in pregnancy. Acta Obstet
Gynecol Scand 79: 269, 2000.

14. GoLpBERG J, BEsser MP, SELBY-SILVERSTEIN L: Changes in
foot function throughout pregnancy. Obstet Gynecol 97:
S39, 2001.

15. Gaymer C, WHALLEY H, AcHTEN J, ET AL: Midfoot plantar

8 Month/Month 2016 « Vol 106 « No 6 « Journal of the American Podiatric Medical Association

//titan/production/a/apms/live_jobs/apms-106/apms-106-06/apms-106-06-03/layouts/apms-106-06-03.3d
Allen Press, Inc. m Tuesday, 11 October 2016 m 10:14 am

Page 8



16.

17.

18.

19.

pressure significantly increases during late gestation.
Foot 19: 114, 2009.

LymBERY JK, GiLLEaArRD W: The stance phase of walking
during late pregnancy: temporospatial and ground
reaction force variables. JAPMA 95: 247, 2005.

Forczek W, Sraszkiewicz R: Changes of kinematic gait
parameters due to pregnancy. Acta Bioeng Biomech 14:
113, 2012.

Trrianova EB, Mateev PS, Tarkka IM: Footprint analysis
of gait using a pressure sensor system. J Electromyogr
Kinesiol 14: 275, 2004.

MirterNacHT J, KLEMENT A, Lampe R: Plantar pressure

20.

21.

22.

23.

distribution during and after pregnancy. Eur Orthop
Traumatol 4: 229, 2013.

THE GAITRITE ELECTRONIC WALKWAY: Measurements and
Definitions, CIR System Inc, Sparta, NJ, 2006.

Hmis AP, ParkerR AW: Locomotor characteristics of
obese children. Child Care Health Dev 18: 29, 1992.
Fori T, Davips JR, BagLEY A: A biomechanical analysis of
gait during pregnancy. J Bone Joint Surg Am 82: 625,
2000.

Hmis AP, Hennic EM, McDonatp M, ET AL: Plantar
pressure differences between obese and non-obese
adults: a biomechanical analysis. Int J Obes Relat Metab
Disord 25: 1674, 2001.

Journal of the American Podiatric Medical Association « Vol 106 « No 6 + Month/Month 2016 9

/[titan/production/a/apms/live_jobs/apms-106/apms-106-06/apms-106-06-03/layouts/apms-106-06-03.3d

Allen Press, Inc. m Tuesday, 11 October 2016 m 10:14 am

Page 9



Queries for apms-106-06-03

This manuscript/text has been typeset from the submitted material. Please check this proof carefully to make sure
there have been no font conversion errors or inadvertent formatting errors. Allen Press.





