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Introduction
The weight bearing and distribution functions of the foot 
are fortified by the presence of the foot arches. The arches 
of the foot, especially the medial longitudinal arch add 
to the weight bearing capacity and resiliency of the foot 
(1). As pregnancy progresses, the position of the centre 
of gravity is altered as well as an increase in body mass 
which translates to an increase in the load transferred to 
the weight bearing joints. The resultant effects of these 
changes increases in relation to the distal weight bearing 
segments of the body, especially the foot, causing muscle 
imbalances, distorted integrity of the weight bearing struc-
tures and their related soft tissues. Studies have reported 
a posterior shift in the centre of pressure of the foot in 
compensation for the increased anterior abdominal mass 
during pregnancy (2). In addition to these physical chang-
es, hormonal influences of relaxin and oestrogen lead 
to an increased ligamentous laxity, compromising joint 
stability (3,4), with a resultant arch collapse during preg-
nancy (5,6). Studies in different locations have reported 

changes in the foot arches, indicating an increased likeli-
hood towards the occurrence of pes planus, in the preg-
nant population (3,7-11). Other studies have also shown 
significant increases in foot width, length, and volume 
with a concomitant decrease in arch height during preg-
nancy (12,13). However, such pregnancy-related changes 
and their associations with gestational trimesters have not 
been investigated in a Nigerian population.
Obesity is an associated risk factor for pes planus (17). 
Previously, changes in anthropometric indices indicat-
ing obesity have been reported among Nigerian pregnant 
women (14-18) but their relationship with pregnancy-in-
duced arch collapse (pes planus) have not been explored. 
This gap in knowledge may be contributing to the limited 
or lack of foot care during pregnancy and postpartum pe-
riods, among women’s health physiotherapists in Nigeria. 
With the aim of providing baseline information needed 
for enhancement of research in this green uncultultivated 
area of women’s health practice in Nigeria, there is need 
to compare the arch indexes of pregnant and nulliparous 
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non-pregnant women. Thus, this study was aimed at de-
termining the arch index of pregnant women, in compar-
ison with their age-matched nulliparous non-pregnant 
counterparts as this will serve as a primer for future pro-
spective studies. It also went further to determine if any 
relationship exists between arch index and each of BMI 
and gestational trimesters. 

Materials and Methods
This study involved 328 (215 pregnant women and 113 
nulliparous non-pregnant women) participants. The 
pregnant participants in their different trimesters were 
conveniently selected from the antenatal clinics of four 
(4) health centres in Enugu state, South-Eastern Nigeria 
between December, 2014 and March, 2015. Women with 
lower limb amputations, chronic diseases affecting colla-
gen metabolism, spinal or lower limb traumatic injuries or 
surgery were excluded. Ethical approval was sought and 
obtained from the University of Nigeria Health Research 
and Ethics Committee. Written informed consent was also 
requested and obtained from the subjects before their par-
ticipation in the study. After collecting data on the rele-
vant personal and obstetric information (i.e., gestational 
age, number of previous childbirths, medical history in 
their present pregnancy) from the subjects, their body 
weight (kg), height (cm), body mass index (BMI) (kg/m2) 
were measured. 
The static arch indexes were obtained from both foot-
prints, using the method proposed by Cavanagh and Rod-
gers (19). With the participants in a static standing stance, 
each foot was stepped on a wooden board covered with 
talc powder and then stepped on a sheet of coloured car-
bon paper. The imprints were traced out on a calibrated 
plain sheet. The truncated foot length (without the toes) 
of the footprint area was divided equally into three sec-
tions, including the rear foot area (A), mid foot area (B) 
and forefoot area (C). On obtaining the areas of the three 
sections, the arch height index (AHI) was calculated by di-
viding the mid foot area (B) by the total foot area (without 
the toes): AHI=B/ (A+B+C). 
The participants’ foot were classified into three categories 
based on the principles used in previous studies (20- 22) 
which included high arch (AHI is less than 0.21), nor-
mal arch (AHI between 0.21 and0.26) and low arch (AHI 
greater than 0.26). 
The collected data was analyzed using SPSS software 
version 21, with an alpha level set at P < 0.05. Descrip-
tive statistics of mean, standard deviation, frequency and 
percentage was used to summarize the data. Significant 
differences between the arch indexes of women in both 

Table 2. Distribution of Arch Index of Subjects

Arch Index
Frequency (Percentage)

Pregnant Non-pregnant
Right Left Right Left

High arch 37(17.2%) 41 (19.1%) 33 (15.3%) 30 (14.0%)
Normal arch  55 (25.6%)  47 (21.9%)  38 (17.7%)  33 (15.3%) 

Low arch 123 (57.2%)  127 (59.1%)  42 (19.5%) 50 (23.3%)

groups were determined using Independent t test. Fur-
thermore, Pearson and Partial correlation tests were used 
to determine the relationships between the arch index and 
each of gestational trimesters and BMI of the pregnant 
participants.

Results 
The mean height, age, weight and BMI of the participants 
were 1.65 ± 0.1metres, 24.88 ± 4.5 years, 69.44 ± 13.0 kg 
and 25.34 ± 9.6 kg/m2, respectively. Table 1 shows the so-
cio-demographic characteristics (age and BMI) of partic-
ipants in both groups as well as the gestational trimesters 
of the pregnant participants. In both groups, a greater per-
centage of the participants were within the normal BMI 
range. There was a low prevalence of obesity among the 
participants in both groups (pregnant = 22.8%; non-preg-
nant = 2.7%). Majority of the pregnant women (42.8) 
were within the age range of 24-29 years while majority 
of the non-pregnant women (53.1%) were within 18-23 
years. Most of the pregnant women (57.21%) were in their 
third trimester. There were no significant differences in 
age and BMI of subjects in both groups. The distribution 
of arch indexes is presented on Table 2. Among the preg-
nant subjects, there was a higher prevalence of low arch 
indexes, indicating pes planus (57.2% on the right foot 
and 59.1% on the left foot) as compared to the nulliparous 
subjects (19.5% on the right and 23.3% on the left). Table 
3 shows the independent t-test results of the arch index-
es of pregnant and non-pregnant women. The mean arch 

Table 1. Socio-Demographic Characteristics of the Participants

Variables
Pregnant  
No. (%)

Non-pregnant 
No. (%)

BMI
Normal (18-24.99 kg/m2) 97 (45.1) 86 (76.1)
Overweight(25-29.99 kg/m2) 69 (32.1) 24 (21.2)
Obese (≥30 kg/m2) 49 (22.8) 3 (2.7)
Total 215 (100) 113 (100)

Age (years)
18-23 74 (34.4) 60 (53.1)
24-29 92 (42.8) 46 (40.7)
30-34 38 (17.7) 4 (3.5)
35-40 11 (5.1) 3 (2.7)
Total 215 (100) 113 (100)

Gestational trimesters
First 13 (6.0) -
Second 79 (36.7) -
Third 123 (57.2) -
Total 215 (100) -

Abbreviation: BMI, body mass index.
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index values for pregnant women are 0.27 ± 0.07 (right) 
and 0.28 ± 0.07 (left) while for the values for the non-preg-
nant women are 0.24 ± 0.07 (right) and 0.25 ± 0.07 (left). 
In similar trends, independent t-test analysis revealed 
significant differences (P = 0.001) between the both feet 
arch indexes of the pregnant and non-pregnant partic-
ipants. Correlations between both feet arch indexes and 
gestational trimester of the pregnant women was shown 
in Table 4. Pearson correlation tests showed that there 
were non-significant weak positive correlations between 
both feet arch indexes and gestational trimester (p-value: 
right = 0.252; left = 0.547). Partial correlation tests whilst 
controlling for some variables (age and BMI) also showed 
non-significant weak positive correlations between both 
feet arch indexes and gestational trimester (P value: right 
= 0.476; left = 0.705) . In Table 5, the correlation results 
between both feet arch indexes and BMI of the pregnant 
women were shown. A non-significant weak positive cor-
relation existed between right arch index and body mass 
index while there was a non-significant weak negative 
correlation between left arch index and body mass in-
dex of the pregnant women (P value: right = 0.085; left = 
0.455). Partial correlation tests whilst controlling for some 
variables (age and gestational trimester) also revealed that 
there was a non-significant weak positive correlation be-
tween right arch index and body mass index while there 
was a non-significant weak negative correlation between 
left arch index and body mass index of the pregnant wom-

en (P value: right = 0.344; left = 0.256).

Discussion
This study compared both feet arch indexes of pregnant 
and nulliparous non-pregnant women. In both groups 
of women, there were high prevalence of pes planus with 
pregnant women showing a higher prevalence. Previous 
studies (3,7-11) have found similar results, demonstrating 
lower arches of the feet/pes planus during pregnancy. Phys-
ical and hormonal changes during pregnancy compromise 
the integrity of the soft tissues supporting the foot. Phys-
ical changes are predominantly as a result of the increase 
in body weight (23,24). During pregnancy, the resultant 
weight gain alters the body’s centre of gravity, body mass 
and distribution of body weight, predisposing subjects 
to foot disorders (25). In this study, a large percentage of 
the pregnant women were overweight. There could be a 
possibility that the high prevalence of pes planus among 
these pregnant women may be the resultant effect of their 
body weight as studies have found relationships between 
BMI and arch index (26-28). In addition to physiological 
changes and increase in the size of the uterus, foetus and 
breasts, lifestyle changes may also contribute to the weight 
gained during pregnancy. Nigerian women have poor life-
style practices during pregnancy. Poor feeding and exercise 
habits are common among them. Sedentary lifestyle is also 
not uncommon. These factors are likely as a result of prim-
itive traditional beliefs. Many cultures in Africa, based on 
fatalistic views observe taboos during pregnancy and post-
partum (29). It is believed that a pregnant woman should 
consume more quantities of food since she is feeding for 
two. It is also believed that practice of physical exercises or 
active involvement in usual daily activities is detrimental 
to the mother and foetus. These factors undoubtedly con-
tribute to increased body weight gain in pregnancy, which 
will lead to increased load transfer to the foot, resulting in 
collapse of the arches. However, further correlation tests in 
this study contradicted these claims as no relationship was 
found between the BMI and arch indexes of these pregnant 
subjects. Bearing in mind that the arch indexes and BMI 
values of the pregnant women before and through pregnan-
cy were not known, associating changes in their arch index 
to pregnancy-related increase in body mass should be done 
with caution.  
Another factor that possibly contributes to arch collapse is 
the effect of some pregnancy hormones, especially relaxin 
which alters the mechanics of joints (30) as it enhances the 
stimulation of the production of collagenase (31), matrix 
metalloproteinases and plasminogen activator (32). These 
factors lead to ligamentous support insufficiency, resulting 
to joint laxity. Studies have shown that relaxin may increase 
joint laxity (31,33-36). Bearing in mind that the major sup-
port of the medial longitudinal arch is from the ligaments 
on the plantar surface of the foot, there is every possibility 
that the effects of pregnancy hormones on these ligaments 
will lead to structural instability of the foot arches, lead-
ing to arch collapse. However, further longitudinal studies 
may be required to correlate changes in the concentrations 
of relaxin and other pregnancy related hormones with the 

Table 3. Independent T Test Results Showing the Statistical 
Differences Between the Arch Indexes of Subjects in Both Groups

Right Foot Left Foot
Pregnant 0.27 ± 0.07a 0.28 ± 0.07a

Non-pregnant 0.24 ± 0.07a 0.25 ± 0.07a

t value 3.269 3.507
P value 0.001b 0.001b

aindicates mean ± standard deviation values. bindicates significance 
at P < 0.05.

Table 4. Correlation Between Both Feet Arch Indexes and 
Gestational Age of the Pregnant Women

Correlation Right Foot Left Foot
Pearson 
R value 0.079 0.041
P value 0.252 0.547

Partial
R value 0.049 0.026
P value 0.476 0.705

Table 5. Correlation Between Both Feet Arch Indexes and BMI of 
the Pregnant Women

Correlation Right Foot Left Foot
Pearson 
R value 0.118 -0.051
P value 0.085 0.455

Partial
R value 0.065 -0.078
P value 0.344 0.256

Abbreviation: BMI, body mass index.
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changes in the structure of the medial longitudinal arch 
during and after pregnancy. 
The therapeutic use of foot insoles for maintenance of the 
foot arches as well as clinical interventions aimed at pre-
vention and management of foot deformities is not com-
mon practice in South Eastern Nigeria. This may also be 
a contributing factor to the high prevalence of pes planus 
during pregnancy.
Another important finding in this study is the high prev-
alence of pes planus among the nulliparous (control) sub-
jects. In a similar trend with the BMI values of the pregnant 
subjects, some of these control subjects were overweight. 
This may possibly be a predisposing factor to the incidence 
of pes planus in a non-pregnant population. This suggests 
that pes planus among the pregnant women may not be 
solely associated with pregnancy-related changes. Further 
studies among Nigerian women are needed to assess the 
structure of the foot in a normal female population as well 
as evaluating possible predisposing factors to pes planus 
before pregnancy amongst them. This will help in fabricat-
ing early preventive measures before pregnancy as the con-
dition may likely be worsened during pregnancy.
Despite the fact that women in both study groups showed 
high prevalence of pes planus on both feet, a significant 
difference existed between their arch indexes on both feet. 
There is a dearth of previous related literatures to serve as 
basis for comparison of these results. Since pregnant Ni-
gerian women have been known to have lower foot arches 
than their age-matched nulliparous women, there is then 
need for further prospective studies designed to monitor 
the changes in the foot structure before, during and after 
pregnancy. 
An interesting finding in this study the predominance of 
pes planus on the left foot, in comparison to the right foot 
of women in both groups. This will require additional data 
for clarification. Thus, it is beyond the scope of this study to 
give appropriate reasons for this difference. Further studies 
will need to associate changes in arch index with selected 
human gait parameters and limb dominance of the subjects. 
Finally, it was hypothesized that prevalence of pes planus 
will be higher in women with advanced pregnancies but this 
was disproved by the findings of this study as no significant 
relationship was found to exist between the arch indexes of 
both feet and the gestational trimesters. Further statistical 
analysis with partial correlation test similarly showed no 
relationship between these variables, after controlling for 
some possible intervening variables (age and BMI). These 
findings are in accordance to the results of a previous study 
(12) which reported no changes in the length and width of 
the feet as pregnancy progressed. In contrast, Gijon-Nogu-
eron et al (9) showed contradicting results as they report-
ed that the foot of pregnant women tends to flatten out as 
gestational weeks progress. As recommended earlier, a pro-
spective study through pregnancy will give a better knowl-
edge of any possible relationship between pes planus and 
gestational age. 
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