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ABSTRACT

Purpose. The goal of the study was to investigate changes in foot anatomical characteristics in the last trimester of pregnancy.
Methods. Twenty pregnant women (mean age: 30.8 years) from a local clinic were recruited. Body mass, foot length and
width, longitudinal arch height, and several angular variables quantifying plantar and arch structure were measured. A foot
imprint was obtained with a digital podoscope (CQ Elektronik System, Poland) at the beginning and end of the third tri-
mester of pregnancy.

Results. Body mass was significantly greater at the end of the last trimester. Increases were also observed in the Sztriter-
Godunow index in both feet (p < 0.007), although foot length and width increased only in the left foot. Among the angular
characteristics, the only significant changes involved an increase in the talocalcaneal angle (p < 0.007) and a decrease in
the 1° metatarsophalangeal angle in the right foot (p < 0.04).

Conclusions. Significant changes in plantar and arch structure were observed in the final trimester of pregnancy, primarily
involving a transverse expansion of the left foot and alteration in the angular characteristics of the right foot. The results
of the research show anthropometric changes in feet of women in the last trimester of pregnancy. They indicate the foot parts
in which the greatest changes occur and what the direction of these changes is. This will allow to create a preventive foot
corrective exercise program for pregnant women.
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Introduction

Feet provide a foundation for the human body and
are intrinsically linked with locomotion, balance, and
postural stability. As an important component of the
biomechanical chain, changes in foot structure may
cause functional limitations or even disorders and are
therefore widely studied. During pregnancy, women
undergo numerous anatomical, biomechanical, and
hormonal changes that may induce various musculo-
skeletal alterations in the plantar region. The weight
gain experienced during pregnancy has been posi-
tively correlated with the occurrence of flat feet [1].
This decrease in arch height has been accredited to
additional loading on the plantar surface and the shift
in the centre of mass towards the rear of the feet to off-
set the mass of the foetus [2, 3]. Other causes include

the several-fold rise in the hormone relaxin, which
increases joint and ligament laxity and may decrease
arch height, as well as the effects of other maternal
hormones, including progesterone and oestradiol [3].

Besides changes in plantar structure, volumetric
changes in the feet have also been observed and as-
sociated with secondary lymphedema in the plantar
and calf regions [4]. Other studies have reported simi-
lar findings, observing significant pregnancy-related
increases in foot volume, as well as foot width and
length and a concomitant decrease in longitudinal arch
height [5-7]. This transverse expansion of the foot has
been attributed to a downward shift of the head of the
talus bone in response to weight gained during preg-
nancy and the effects of relaxin on the metatarsal joint
and ankle [5]. Related studies on pregnant women have
also reported a reduction in internal arch height [§],
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as well as an increase in plantar pressure [9]. However,
one study suggested that the loss of arch height and in-
crease in foot dimensions in pregnant women without
articular hypermobility, while common, may be over-
looked in the majority of pregnant women, as evidenced
by no case studies on this subject in the medical litera-
ture [3].

While data on plantar anthropometry and arch
structure in young and adult women are well estab-
lished [10-16], less is known on pregnancy-related
changes particularly in the third trimester. The afore-
mentioned anatomical changes, such as the reduction
in arch height and associated shift in the centre of mass,
can decrease balance control and increase postural
instability. To compensate for these adaptations, the
spinal curvature can change particularly in the lumbar
and cervical regions and cause several spinal patholo-
gies, including back pain and disc herniation [17].
The prevalence of these and other back disorders has
been found to increase after 24 weeks of gestation [18].
These postural deviations can also lead to disturbed
function of the articular receptors specialized for pro-
prioception, resulting in mechanical overload of the
main joints and musculoskeletal pain [17].

The aim of the study was to ascertain the changes
in foot anatomy during the final stages of pregnancy.
It was hypothesized that foot length and width would
increase and arch height would decrease in response to
the raised body mass and associated musculoskeletal
changes in the third trimester.

Material and methods
Participants

The study involved a convenience sample of 20
women under obstetric care at the A. Falkiewicz Spe-
cialist Hospital in Wroctaw, Poland. The participants’
mean age was 30.8 * 2.36 years, height 166.8 + 4.57 cm,
and body mass 69.1 + 5.89 kg. The exclusion criteria
and reasons for discontinued participation were pre-
diagnosed pes planus or pes excavatus (prior to preg-
nancy), loss of pregnancy, and any foot-related injury
during the study period. All subjects declared to have
had a normal body weight before pregnancy and to
have the right leg as the dominant one. Foot structure
was assessed at 2 time points: at the beginning of the
third trimester of pregnancy (27" week of gestation;
Measure I) and at the later stage of the third trimes-
ter (37"-38™ week of gestation; Measure II). The par-
ticipants were informed in detail about the study pur-
pose and methodology.
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Procedures

An imprint of the right and left foot was obtained
with a digital podoscope (CQ Elektronik System, Po-
land). This safe and non-invasive photogrammetric
instrument allows for a direct plantar analysis with
the use of specialized computer software. The meas-
urements were taken during quiet standing with the
arms resting freely against the torso and eyes open and
looking forward. The foot image served to compute foot
length and width to the nearest 0.5 mm, the foot length
to width ratio (FL/FW), and the Sztriter-Godunow
index (SGI) as a measure of longitudinal arch height
[14]. Angular measures of the feet included the 1% meta-
tarsophalangeal angle (ALPHA) as an indicator of
hallux valgus; 5" metatarsophalangeal angle (BETA),
which quantifies quintus varus; talocalcaneal angle
(GAMMA), used to assess calcaneal valgus; and the
Clarke angle (Figure 1). The Clarke angle measures
were used to characterize longitudinal arch height, with
values ranging 45-50° indicative of normal arch height,
those above 50° indicative of high arch (pes excavatus),
and those below 45° indicative of collapsed arch (pes
planus) [19].

Statistical analysis

Data were exported for analysis to the Statistica 10.0
software package (StatSoft, USA). The distribution of
the tested material was verified with the Shapiro-
Wilk test. Basic descriptive statistics were calculated
(mean, standard deviation, and minimum and maxi-
mum values) and differences between the repeated
measures were analysed by using Student’s ¢-test for
dependent samples. Statistical significance was adopted
at the p < 0.05 level.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Ethics
Committee of the University School of Physical Educa-
tion in Wroctaw, Poland.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.
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1 - foot length as the A-B distance (labelled DL) and foot width as the C-D distance (labelled SZ), 2 — 1°' metatarsophalangeal angle
(labelled ALFA) and 5™ metatarsophalangeal angle (labelled BETA), 3 — talocalcaneal angle (labelled GAMMA), 4 — Clarke angle (labelled Q),
5 — Sztriter-Godunow index (iW/Wj ratio)

Figure 1. The anthropometric and angular variables measured (source: CQ Elektronik System)

Table 1. Descriptive statistics of body mass at the beginning (Measure I) and end (Measure II)
of the third trimester of pregnancy for the study cohort (n = 20)

Measure I Measure II
Variable t p
X SD Min Max X SD Min Max
Body mass (kg) 69.1 7.30 57.0 85.0 72.9 7.24 61.0 89.0 -6.7794 < 0.001*

* significant at p < 0.05

Table 2. Descriptive statistics of foot structure at the beginning (Measure I) and end (Measure II)
of the third trimester of pregnancy for the study cohort (n = 20)

= Measure I Measure II
E Variable t p
— X SD Min Max X SD Min Max
FL (mm) 232.4 8.91 220.0 253.0 2334 8.55 221.0 251.0 -1.5599 0.1353
FW (mm) 89.0 4.55 83.0 97.0 90.8 4.11 83.0 97.0 -1.8670 0.0774
= FL/FW 2.6 0.14 2.3 2.8 2.6 0.16 2.4 29 1.5527 0.1370
oo ALPHA (°) 10.1 7.60 1.7 33.3 6.2 4.32 0.1 14.8 2.2253  0.0384*
P BETA (°) 15.1 5.48 3.8 24.4 16.9 6.51 5.1 30.7 -1.5421 0.1396
GAMMA (°) 14.2 2.60 9.6 19.2 15.4 2.51 9.6 20.5 -3.0512 0.0066*
SGI 0.5 0.17 0.1 0.7 0.6 0.08 0.4 0.7 -3.0822 0.0061*
FL (mm) 231.8 9.69 219.0 251.0 233.0 9.01 218.0 252.0 -2.1559 0.0441*
FW (mm) 87.3 5.20 76.0 94.0 89.7 4.71 77.0 96.0 -3.6743 0.0016*
- FL/FW 2.7 0.18 2.5 3.1 2.6 0.18 2.4 3.0 2.9405 0.0084*
E ALPHA (°) 7.2 5.84 1.0 22.8 8.4 5.95 1.0 22.2 -1.5030 0.1493
BETA (°) 16.5 6.34 2.8 25.9 17.0 6.19 1.7 25.3 -0.4134 0.6839
GAMMA (°) 14.5 2.57 8.5 19.5 15.2 2.36 11.6 20.1 -1.6208 0.1215
SGI 0.4 0.18 0.1 0.7 0.6 0.06 0.5 0.7 -3.3350 0.0035*

FL - foot length, FW - foot width, ALPHA - 1*' metatarsophalangeal angle, BETA - 5™ metatarsophalangeal angle,
GAMMA - talocalcaneal angle, SGI - Sztriter-Godunow index
* significant at p < 0.05
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Results

Comparisons of body mass between Measure I and
Measure II showed a significant increase in mass at
the end of the third trimester of pregnancy (Table 1).
Several significant changes in the anthropometric and
angular measures of the feet were observed although
these were different for the right and left foot (Table 2).
In the right foot, the ALPHA angle decreased by approxi-
mately 1°, whereas the GAMMA angle increased by
approximately 1.2°. In the left foot, both foot length
and width increased by 1-2 mm, so the FL/FW ratio
decreased. For both the right and left foot, SGI in-
creased, although the magnitude difference between
Measures I and II was slightly greater for the left foot.
The Clarke angle measures revealed that the majority
of the cohort presented normal arch height at the be-
ginning and end of the third trimester (Figures 2 and 3).
The number of participants with a high arch at Meas-
ure [ decreased at Measure II for the right foot but
increased for the left foot. A collapsed arch was pre-
sent in only 1 woman (right foot) at Measure [ and in 1
(left foot) at Measure II.
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Figure 2. Prevalence of right foot arch structure
at the beginning and the end of the third trimester
of pregnancy in the study cohort (n = 20)
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Figure 3. Prevalence of left foot arch structure
at the beginning and the end of the third trimester
of pregnancy in the study cohort (n = 20)
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Discussion

Pregnancy induces several physiological adapta-
tions. The weight gained as a result of the growing foe-
tus and increased size of the uterus may anteriorly dis-
place the centre of mass [20, 21] and concomitantly
shift plantar load from the middle to the rear of the
feet [2, 18, 22, 23]. Studies have also drawn attention
to changes in the anthropometric characteristics of
the plantar region as a result of increased body mass
and joint and ligament laxity [3]. These effects include
an increase in foot length and width, as well as a de-
crease in the longitudinal and transverse arch heights
[1, 20, 21]. While Ciejka et al. [24] attributed the reduc-
tion in arch dimensions to biomechanical overloading
as a result of the substantial weight gain during preg-
nancy, they also emphasized the significance of blood
circulation in maintaining normal foot shape. The
pregnancy-related enlargement of the lymph nodes can
impair peripheral blood circulation and cause excess
blood retention in the lower extremities. This can per-
turb muscle metabolism and function, overloading ten-
don and joint capsule mechanics, and further contribute
to a reduction in arch height [25]. This arch drop can
induce various compensatory postural changes and
be responsible for numerous musculoskeletal disor-
ders [17, 26].

The results of the present study also show an in-
crease in foot length and width, although the differ-
ence was significant only for the left foot. There was
also a concurrent decrease in the FL/FW ratio for the
left foot. However, it is worth noting that there was
a greater range between minimum and maximum
values for the right foot. Presumably, an explanation for
the lack of congruity between the right and left foot
may be a result of lower extremity dominance. These
results confirm, in part, the findings of several studies
which observed pregnancy-related changes in the shape
and size of feet, such as a significant increase in foot
length, width, and volume and a slight decrease in foot
height in a group of 40 women measured across 3 time
points during their pregnancy [5]. Another study also
substantiated the anthropometric effects of pregnancy
on foot structure, although the increases in foot length
and width were concentrated in the forefoot region and
relatively moderate [8]. One study found no significant
changes in either foot length or width during the course
of pregnancy, although foot volume did significantly
fluctuate [25]. This was attributed to the retention of
extracellular fluid or accumulation of soft tissue in
the feet. One study suggested that the pregnancy-re-
lated structural changes in the feet may be permanent,
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as evidenced by lower arch height and rigidity indexes
measured 19 weeks postpartum, and may lead to sub-
sequent musculoskeletal disorders [3]. This was ob-
served alongside a concomitant increase in foot length
and width in approximately 60-70% of the sample [3].

The present results on the angular characteristics
of the feet revealed only minor differences between the
measures taken at the beginning and end of the third
trimester of pregnancy. Longitudinal arch height de-
creased in the last trimester of pregnancy, as evidenced
by an increase in SGI in both the right and left foot.
However, the increase in the GAMMA angle alongside
this index was statistically significant only in the right
foot. The prevalence of arch structure types as ascer-
tained by the Clarke angle demonstrated the presence
of both normal and abnormal arch structure at both
the beginning and end of the third trimester of preg-
nancy. The increase in mean Clarke angle was signifi-
cant in the left foot. While the increase in the BETA
angle was only slightly higher between the 2 time
points and not significant, greater variability was ob-
served in the individual results as evidenced by the
greater spread of the maximum and minimum values
and larger standard deviations. In the case of hallux
valgus, as ascertained by the ALPHA angle, the signifi-
cant although minor changes could have been a result
of the relatively small sample size.

Limitations

The present study has several limitations that re-
quire acknowledgement. First, body mass prior to preg-
nancy was not measured, and its determination would
have provided a better perspective on the tangible in-
crease in body mass in the third trimester. However, all
participants indicated that their pre-pregnancy body
mass had been within norms. Another limitation was
that arch structure was not assessed before pregnancy
and during its early stages, warranting the need for ad-
ditional research on foot anatomy. Finally, the study
did not evaluate the prevalence of foot or back pain
and its intensity and frequency. Future research on
these issues should assess the entire period of preg-
nancy, identify the prevalence of pregnancy-related
musculoskeletal problems, and determine if any pre-
ventive strategies can be developed to mitigate the preg-
nancy-related changes in foot structure.

Conclusions

The study confirmed several changes in plantar and
arch structure during the third trimester of pregnancy,

primarily an increase in the length and width of the
left foot and alterations in some angular characteris-
tics of the right foot. Arch height also decreased in
both the right and left foot. Considering the relation-
ship between the feet and upper body musculoskeletal
health, future studies should further examine the ef-
fects of plantar and arch structure on posture and the
prevalence of low back pain. Such investigation could
aid the development of a holistic approach towards
alleviating many pregnancy-related conditions, includ-
ing mechanical overloading, musculoskeletal pain, or
lowered quality of life due to discomfort.
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