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ABSTRACT
Supple flat feet is frequent condition having diverse effects on the entire lower limb kinetic chain including
the pelvis. Thus, this study was conducted to compare the effects of an 8-weeks, conservative physiotherapy
treatment program to a medial arch support on pelvic deviation. A prospective, randomized, single-blind,
controlled trial was conducted at the Physiotherapy department, college of health sciences, University of
Sharjah. One hundred male participant were assed for pelvic obliquity and torsion before and after 8 weeks
of the either an exercise program or using an insole for medial arch support. Group (A) received progressive
short feet exercises, while group (B) used the insole for medial arch support. The study results revealed a
statistically significant decrease in pelvic obliquity and pelvic torsion in the exercise group (A) only with values
of (p = .030 and .035) respectively. No statistically significant difference was found within the insole group
(B). Between groups analysis revealed a significant difference in favour of group (A) compared to group (B)
for both pelvic obliquity (p = .039) and torsion (p = .036) respectively). To sum it up, short feet exercises were
more effective in decreasing pelvic deviations in cases of bilateral supple flat feet.
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INTRODUCTION
The positional attitudes of the Pelvis depend on the alignment of the lower limb’s joints during movements
assumed in the closed kinematic chain (Pinto et al., 2008). Any change in lower limbs results in postural
alterations of the pelvic girdle and was reported to enhance the risk of secondary complaints as low back
pain (Eldesoky & Abutaleb, 2015; Khamis & Yizhar, 2007). The posture of the feet in standing was reported
to influence pelvic alignment and spinal posture in standing position (Eldesoky & Abutaleb, 2015; Rothbart &
Estabrook, 1988). Flatfoot is a frequently encountered pathology and often debilitating chronic foot and ankle
conditions (Legaye et al., 1998; Pinney & Lin, 2006). As flat feet include decreased medial arch, talar
adduction and medial rotation, calcaneal eversion, and forefoot abduction (Degenhardt et al., 2017; Lee et
al., 2005), the alterations in foot posture will eventually lead to alterations of the pelvic and spine alignments
(Khamis & Yizhar, 2007; Lee et al., 2005; Levine & Whittle, 1996; Tweed et al., 2008) which resulted from
the additional stress placed on the ligaments, joints, and muscles engaged in preservation of standing posture
(Aebi, 2005). The presence of adduction of the talus and the eversion of the calcaneus cause the lower limb
to assume an internal rotation position with reduction in limb length and consequently alter the pelvis
alignment (Botte, 1981; Haight et al., 2005; McPartland et al., 1997; Snijders et al., 1993). In addition, bilateral
calcaneal eversion produces internal rotation of the lower limb and may lead to increased pelvic anteversion
and consequently may cause lumbar hyper lordosis (Botte, 1981; Eldesoky & Abutaleb, 2015; Haight et al.,
2005). To our knowledge, only one study investigated the effect of flatfeet on the sagittal and frontal planes
of pelvic postures (Eldesoky & Abutaleb, 2015), but no studies were designed to investigate the effects of
therapeutic or orthotic treatments for fleet feet on pelvic alignment.
The purpose of this study was to compare the effects of an 8-weeks, conservative physiotherapy treatment
program to a medial arch support on pelvic deviations in cases of supple flat feet among male students in
the college of health sciences in the University of Sharjah (UOS) in Sharjah, United Arab Emirates.
METHODOLOGY
The research is designed as a randomized controlled trial that compared 2 groups of participants. Group A
(exercise group) included participants who joined a short foot exercise protocol for a period of 8 weeks (Kim
& Kim, 2016; Unver et al., 2019). While group B (Insole group) involved participants receiving a medial arch
support to be used during the same period (Hsieh et al., 2018). The research is performed between March
2020 and February 2021. This research study was approved by the University of Sharjah REC committee.
Reference number: REC-20-02-14-01-S.
Participants
A total of (127) male participants were assessed for eligibility with the inclusion criteria of the study. Of these,
(21) did not meet the study criteria or refused to participate and thus were excluded. Finally, 100 students
participated in the study [Figure 1]. All participants selected were students in the University of Sharjah,
Sharjah, UAE. Their ages ranged from 18-25 years and their body mass index [BMI] did not exceed 24 kg/m2.
All participants were males suffering from supple flat feet (Haight et al., 2005; Khamis & Yizhar, 2007) with
BMI not exceeding 24.9 kg/m2.
Participants were excluded from the study, if they were diagnosed with fixed pronated feet, Hip Anteversion,
Secondary complications such as: spondylosis, disc, posterior tibial tendinitis, calcaneal spur, hallux rigidus
and valgus, musculoskeletal injuries / deformities, lower limb operation/surgery within the last 6 months or
failed to complete an informed consent form.
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Randomization
Anonymity of participants’ data was assured by coding of all data. Assigning participants to groups was
conducted by a blinded and an independent research assistant. Randomization [Figure 1] was done using
sealed envelopes that contain numbers chosen by a random number generator, each participant
independently chooses an envelope. Randomization was restricted to permuted blocks of different sizes to
ensure that equal numbers will be allocated to each group. Each random permuted block was transferred to
a sequence of consecutively numbered, sealed, opaque envelopes stored in a drawer kept locked until
required. Only one member of the research group will be assigned to randomize the cases in the envelopes
and inform participants about the intervention after choosing the envelope. As each participant formally
entered the trial the researcher opened the next envelope in sequence in the presence of the patient.
- Participants were blinded to their intervention groups; they did not know what treatment they will be
receiving.
- Participants were blinded from results, only researchers will view the results that will be kept on the
primary investigator’s computer that is secured by a password.

Figure 1. Randomization, participants’ flow chart.
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Intervention procedure
The intervention consists of two components based on the study group, the first one was an arch support
insole that is made of foam for cushioning and comes in different sizes to be individually distributed [Figure
2] (Hsieh et al., 2018). The second treatment was the physiotherapy program of short foot exercise (SFE).
The group that received the selective physiotherapy program were instructed to sit on a height-adjustable
chair and bend the hip joint, knee joints, and ankle joints to 90° and a towel was placed below the feet.
Thereafter, the subject was instructed to pull the head of the first metatarsal bone toward the heel without
bending the toes like picking up a pencil or marble from the floor using the plantar side of the foot and maintain
the state for 20 seconds to form the medial longitudinal arch [Figure 3] (Kim & Kim, 2016). Exercises were
done daily for 8 weeks (Unver et al., 2019).

Figure 2. Shoe insoles.

Figure 3 (A and B): The short foot exercise. A: Starting rest position and B: Intrinsic foot muscles activated. Please note the flexion
of the first phalange while activating the intrinsic foot muscles and the augmented distance between the tiptoe and the tape due to
foot shorten.

Figure 3. Short foot exercises.
Outcome measure
Main outcome: The pelvic obliquity and torsion using DIERS formetric (Degenhardt et al., 2017; Eldesoky &
Abutaleb, 2015).
DIERS formetric
All assessments were performed by the second researcher at the physiotherapy department, college of health
sciences, University of Sharjah. Each subject was examined in standing upright posture with both feet bared
in a neutral position at a distance of 2 meter in front of the 3D scanning system camera. The patient’s back
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surface lied completely bare in order to avoid disturbing image structures. The column of instrument height
was adjusted according to the subject height to move the relevant parts of the patient’s back into the centre
of the control monitor. A multitude of light sections is projected on the patient’s back from a different direction
than that of the optical. The best moment for releasing image capture was the slightly breathed out state.
Each subject was asked to breathe normally. The moment of breathing out will be observed on the control
monitor. The patient is then asked to stop breathing for seconds while image capture was released. The
scanning time is very short (40 ms) in order to eliminate movement artifact.
The automatic anatomical landmarks localization which were the vertebra prominent and the iliac spine in
the pelvic region were the basis for an automatic reconstruction of three-dimensional dorsal surface of the
sagittal back and pelvic shape that provided a set of shape parameters characterizing the back and pelvis
profile. The evaluated parameters for participants include pelvic alignment in the sagittal plane and frontal
plane in the form of pelvic inclination and pelvic tilt angles, respectively, after being calculated and recorded
from Formetric instrument (Degenhardt et al., 2017; Eldesoky & Abutaleb, 2015; Pinto et al., 2008).
Supple flat feet assessment
Supple flat foot was assessed by observation of the medial longitudinal arch during standing on the toes
(Haight et al., 2005; Khamis & Yizhar, 2007).
The examiner observed the participant’s feet when they were seated with their feet off the ground, standing,
and while they were ambulating. The participants were examined for the positions of their heels, subtalar
joint, forefeet, and the medial arches. Observation of the subjects having flatfeet in standing and walking
revealed heel valgus, low arch, commonly forefoot abduction and supination. The subtalar joint is commonly
in the over pronated position in stance and may be even more so on walking. If any of the participants had
flatfeet, the examiner detected whether it is bilateral or unilateral, while observation of the normal subjects
revealed normal heel position and normal arch height. To differentiate between flexible and rigid flatfeet
among the participants with flatfeet the authors used the single-heel raise test. Each subject was asked to
stand on tiptoes of one foot then repeat the same procedure for the other foot. In subjects with flexible flat
feet, the arch re-appeared and the calcaneus demonstrated normal inversion when viewed from behind
(Arangio et al., 2004; Eldesoky & Abutaleb, 2015; Haight et al., 2005; Levinger et al., 2010).
Data analysis
A total of 90 participants were deemed necessary for this study. Test size estimation was performed before
the investigation utilizing G*POWER statistical programming.
Sample size justification: To find a prevalence of at least 30% with a significant level of .05 (two-sided) and
a power of 80%.
An excess of 20% was considered to account for any participant that chooses to withdraw or drops out.
For statistical analysis of the date, we will be using the IBM SPSS statistics version 21.
As for the descriptive statistics '' demographic data'' the homogeneity prior analysis.
A one-way ANOVA was used to detect within group and between group differences.
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RESULTS
One hundred male participants with bilateral supple flat feet were randomized and assigned into 2 equal
groups. Data extracted from 50 participant in each group was analysed after completion of the intervention
procedure. There were no statistically significant differences (p > .05) between participants in both groups
concerning age, weight, height and BMI (Table 1).
Table 1. Physical characteristics of participants in each group.
Items
SFE Group (A)
Insole Group (B)
Age (year)
19.8 ± 2.1
20.2 ± 1.97
Weight (KG)
71.2 ± 6.2
74 ± 3.05
Height (Cm)
176 ± 5.6
176.5 ± 4.85
BMI (Kg/m2)
22.02 ± 1.8
22.7 ± 1.04

p-value
.72
.512
.861
.515

Data presented as mean ± standard deviation. *p-value < .05: significant. Kg = kilogram. Cm = centimetre. kg/m2 kilogram/meter2.

Statistical investigations applying one- way ANOVA was used to analyse within and between group
differences.
The baseline assessment revealed no statistically significant difference between groups regarding both pelvic
torsion and obliquity.
Within groups, the analysis revealed a statistically significant decrease in pelvic obliquity and pelvic torsion
in the exercise group (A) only (p < .05) with values of (p = .030 and .035) respectively. No statistically
significant difference was found within the insole group (B).
Regarding between groups, the analysis revealed that there was a significant difference in favour of group
(A) compared to group (B) after completing the intervention procedure for both pelvic obliquity (p = .039) and
torsion (p = .036) respectively (Table 2).
Table 2. Between group analysis.
Dependent Variable
Base line
Pelvic obliquity
Post 8 weeks
p-value
Base line
Pelvic torsion
Post 8 weeks
p-value

Group A (Mean ± SD)
0.79 ± 2.83
0.56 ± 1.31
.030*
23.1 ± 1.54
20.1 ± 0.76
.035*

Group B (Mean ± SD)
0.86 ± 2.59
0.76 ± 2.40
.092
22.76 ± 1.95
21.67 ± 0.86
.063

p-value
.089
.039*
.079
.036*

Note: * Significant p < .05.

DISCUSSION
The purpose of this study was to identify the effect of a selected physiotherapy treatment on pelvic obliquity
and torsion in cases of supple flat feet among University of Sharjah male students.
Because of the excess pronation individuals develop compensatory mechanisms to compensate for the
changes that occur consequently affecting the pelvic alignment.
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The baseline data revealed the presence of pelvic obliquity and torsion in all subjects suffering from supple
flat feet, which came in accordance with (Eldesoky & Abutaleb, 2015) but with no significant differences
between both groups.
Following 8 weeks, the insole group showed no significant difference in pelvic obliquity. Although previous
literature reported improvements in the pelvic deviations with using insoles (Kuo et al., 2020; Park, 2017), we
believe that any potential effect could not have been detected as the testing was done bear feet. This is
attributed to the direct effect of the orthosis on improving lower limb alignment in cases of flat feet (Park,
2017). Similarly, pelvic torsion did not show any significant difference as well. This might also be attributed
that insoles did not significantly change the lumbopelvic kinematics when compared with subject without arch
support (Kuo et al., 2020).
On the other hand, within group analysis revealed a statistically significant difference for the exercise group
with regards to pelvic obliquity (p = .030) and pelvic torsion (p = .035) respectively. This can be explained by
the effect of short foot exercising in improving the medial longitudinal arch (Kim & Kim, 2016) and
consequently restoring the lower limb and pelvic relationship. In addition, it was also reported that six-week
short-foot exercises reduces navicular drop and foot pronation (Unver et al., 2019).
Such improvement in the medial arch would be directed to improve the Short foot exercises should be utilized
in cases of excessive pronation of the foot (McKeon & Fourchet, 2015; Unver et al., 2019; Yazdani et al.,
2018).
Subjects with over pronation were reported previously to have a greater anterior pelvic tilt during 20%–80%
of the stance phase (Yazdani et al., 2018).
CONCLUSION
Any relationship between pelvic obliquity and subtle flatfeet should be assessed and implemented during
physical therapy assessment and treatment.
Study limitations
There were limited literature resources regarding the topic of interest. In addition, the study did not consider
gender differences as only male students were included in this study.
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