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Abstract
Purpose: Moulded foot orthoses have been shown to be successful in treating such injuries and reducing the symptoms by 
realigning the foot anatomy, controlling excessive pronation and reducing internal tibial rotation. Numerous prophylactics 
or therapeutic devices, such as motion control shoe, orthoses, orthotic devices, inserts and others, have emerged to limit the 
pronation range during running. In evaluating the effect of these devices to control pronation during running, orthopaedics 
and biomechanics researchers often investigate the rearfoot kinematics, or to be specific, the calcaneal motion in respect to the 
talus bone. Previous researches showed that the effects are still unclear however some orthotic inserts are useful in relieving 
heel and plantar fasciitis pain. The purpose of this study is to identify among UCBL and Medial Arch Support which is a better 
prescription option for Pes planus. 

Materials and Method: An incidental simple randomised sample of 30 participants (30 Bilateral Flexible Flat Feet) were 
recruited for the study with age range from 16 to 20 years. There were 21 male and 9 female patients in the study. There was 
no drop out during the study. Participants were allocated to two groups by random allocation based on the fitment of UCBL 
and arch support (UCBL prescribed for Group A and Medial arch support prescribed for Group B). Pre and post interventional 
tests- balance and functional parameters was taken before the fitment of orthosis and after four-week of usage of the prescribed 
orthotic treatment and the said pre and post interventional data was analysed for statistical significance.

Result: One-way ANOVA test shows a significant difference between groups at p<0.000. Posttest between the parameters (Berg 
balance and TUG) shows that UCBL has a high statistical significance than medial arch support in improving balance and 
functional parameters at p<0.000 at t value -6.942.

Conclusion: A comparison of balance and functional parameter results in the tested orthoses indicated that the UCBL orthosis 
significantly increased the stability of people with flexible flatfoot, and it has improved balance and functional parameters in 
total among those with flatfeet. It seems that creating mobility in the midfoot area of the foot orthosis may cause a balance 
disturbance in patients with flatfoot. It is recommended that other balance parameters such as sway of the center of pressure 
and the long-term effects of orthoses may also be investigated.

Introduction
The arches of the foot, formed by the tarsal and metatarsal bones, 
strengthened by ligaments and tendons, allow the foot to support 
the weight of the body in the erect posture with the least weight. 
The medial arch is higher than the lateral longitudinal arch. It is 
made up by the calcaneus, the talus, the navicular, the three cu-

neiforms (medial, intermediate, and lateral), and the first, second, 
and third metatarsals. The medial longitudinal arch in particular 
creates a space for soft tissues with elastic properties, which act 
as springs, particularly the thick plantar aponeurosis, passing from 
the heel to the toes. Because of their elastic properties, these soft 
tissues can spread ground contact reaction forces over a longer 
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time period, and thus reduce the risk of musculoskeletal wear or 
damage, and they can also store the energy of these forces, return-
ing it at the next step and thus reducing the cost of walking and, 
particularly, running, where vertical forces are higher. Its summit 
is at the superior articular surface of the talus, and its two extrem-
ities or piers, on which it rests in standing, are the tuberosity on 
the plantar surface of the calcaneus posteriorly and the heads of 
the first, second, and third metatarsal bones anteriorly. The chief 
characteristic of this arch is its elasticity, due to its height and to 
the number of small joints between its component parts [1].

Foot plantar mechanoreceptors provide detailed information about 
contact pressure which is used for feedback mechanisms of the 
postural control system and balance. Interventions such as a foot 
orthosis may optimize sensory information from plantar soles and 
may improve balance. An orthosis may be able to improve balance 
for those people with flatfeet. Despite individual differences, bio-
mechanics of the foot are considerably influenced by the form and 
shape of the medial longitudinal arch. Prescribing foot Orthosis 
for flat foot aims to optimize the natural orientation of the struc-
ture of the foot and its related function. This in turn protects the 
medial longitudinal arch from abnormal stresses, preventing fur-
ther deformity while attempting to promote optimal foot function 
and stability. Foot Orthoses can aim to promote and/or control foot 
pronation and lower limb alignment due to the coupling mecha-
nism of the subtalar joint and tibia. In addition, they can also aid in 
improving the direction and function of the arch [2].

Flat foot (Pes Planus) is defined as a partial or total collapse of 
the medial arch of the foot. It has been classified into two catego-
ries, namely, flexible and rigid flatfoot, based on the presence or 
absence of the arch in non-weight bearing position. It may devel-
op unilaterally or bilaterally. The medial longitudinal arch of the 
foot plays a critical role in the normal mechanics of the foot. Any 
increase or decrease in this osteo-ligamentous arch changes the 
normal function of the foot and triggers damage to the feet and 
the whole body. Flexible flat foot is described as a reduction in the 
height of the medial longitudinal arch and may occur from abnor-
mal foot pronation. The condition may be congenital (occurring at 
the time of birth) or acquired (developing over time, most often as 
a result of age or injury). Pes planus is a medical condition where 
the curvature of medial longitudinal arch is more flat than normal 
and entire sole of the foot comes into near complete or complete 
contact with the ground. The height of the medial longitudinal arch 
is most important measurement in determining the degree of Pes 
Planus [3].

UCBL (University of California Biomechanics Laboratory or Uni-
versity of California Berkeley Laboratory) orthosis is a maximum 
control foot orthosis that was developed in 1967 at the University 
of California Biomechanics Laboratory, The UCBL orthosis is used 
to stabilize a flexible flatfoot deformity. This orthosis differs from 
other foot orthoses in which it fully covers the heel with molded 
heel cup which holds the heel in neutral position. Moreover, the 
UCBL orthosis also supports the medial longitudinal arch of the 
foot. This orthosis is commonly used in flexible deformity that foot 
is flexible enough to be held in a neutral position comfortably. If 
the foot is rigid, the UCBL is made to the shape of the foot and the 
goal is to prevent further deformity. The UCBL orthosis is made 

of a rigid material, usually thermoplastic, molded over a model of 
the foot created by casting the foot. The foot section of the orthosis 
usually extends to a line just behind the heads of metatarsal bone. 
The trim line of the orthosis is below the malleolus, so, the orthosis 
is not seen outside of the shoe. The common complications from 
using this orthosis are pain, skin redness, and abrasion. These com-
plications can be eliminated by the good fitting of the orthosis [4].

Medial arch-heel support was found to be effective in reducing 
maximum eversion angle in dynamic trials but not static trials. In 
walking, the inserts successfully reduced the maximum eversion 
angle by 2.1 degrees in normal subjects and by 1.5–2.0 degrees in 
pronators. The inserts showed a trend to bring the over-pronated 
feet of pronators back to the normal eversion range. In running, 
the insert with low medial arch-heel support significantly reduced 
maximum eversion angle by 3.6 and 3.1 degrees in normal sub-
jects and pronators respectively. The inserts successfully restored 
normal eversion in 84% of the pronators. arch-heel support are 
inserts effective in reducing ankle eversion in walking and run-
ning, but not in standing. In walking, there is a trend to bring the 
over-pronated feet of the pronators back to the normal eversion 
range [5].

Moulded foot orthoses have been shown to be successful in treat-
ing such injuries and reducing the symptoms by realigning the foot 
anatomy, controlling excessive pronation and reducing internal 
tibial rotation [6]. Numerous prophylactics or therapeutic devices, 
such as motion control shoe, orthoses, orthotic devices, inserts and 
others, have emerged to limit the pronation range during running. 
In evaluating the effect of these devices to control pronation during 
running, orthopaedics and biomechanics researchers often investi-
gate the rearfoot kinematics, or to be specific, the calcaneal motion 
in respect to the talus bone. Previous researches showed that the 
effects are still unclear [7]. Scherer showed that orthotic inserts 
are useful in relieving heel and plantar fasciitis pain, however, 
Gross and co-workers showed no improvement or even increased 
symptom severity in runners being prescribed with orthotics [8, 9]. 
Moreover, there are many types of commercially available orthotic 
in the market, including half insert or full insert, with different de-
gree of support in medial and lateral arch-heel regions [10].

Therefore, the effect of orthotic inserts is product-specific, thus, 
biomechanical and functional evaluation of orthotic inserts is nec-
essary before the inserts are introduced to the market. Need of this 
study is to identify among UCBL and Medial Arch Support which 
is a better prescription option for Pes planus. 

Experimental Hypothesis
There is statistical significance between UCBL and Medial Longi-
tudinal Arch Support in improving balance and functional perfor-
mance in flexible flat feet.

Null Hypothesis
There is no statistical significance between UCBL and Medial 
Longitudinal Arch Support in improving balance and functional 
performance in flexible flat feet
                       
Materials and Methodology 
The study, a randomized trial, was conducted at Pt. Deendayal 
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Up adhyaya National Institute for Persons with Physical Disabil-
ities (Divyangjan), New Delhi, India. Participants were allocat-
ed to groups that received UCBL and Medial Longitudinal Arch 
Sup¬port. 

Methods 
Incidental simple randomised subjects with Flexible Flat Feet 
were participants for the study. The inclusion criteria for the study 
were bilateral flexible flat feet, both male and female subjects with 
an age range 16-20 yrs., no associated orthopedic, neurological or 
mental disorders and any known history of fractures or implants 
in the last 3 years were recruited. All the subjects should be able 
to understand the given command. Subjects were excluded if they 
had inadequate ROM and strength, and not fulfilling the inclusion 
criteria. 

A total number of 30 participants (30 Bilateral Flexible Flat Feet) 
were recruited for the study with age range from 16 to 20 years. 
There were 21 male and 9 female patients in the study. There was 
no drop out during the study. Participants were allocated to two 
groups by a random allocation sequence. One group (Group A) 
fitted with UCBL and another group (Group B) fitted with Medial 
Longitudinal Arch Support. Each group consists of 15 participants. 
The Study design was experimental (Comparative) study.

Parameters Studied
•  Berg Balance scale
•  Timed up and go test (TUG)

Interventional Modality

Figure 1: Showing flat feet.

 

Figure 2: UCBL

 

Figure 3: Medial arch support.

Procedure of Study 
The subjects with flexible Pes Planus reporting to the study centre 
for orthotic treatment were first screened through the inclusion and 
exclusion criteria. The individuals were explained about the study 
procedure. The subject fulfilling the criteria were included in the 
study and the informed consent was signed with them individually. 

Firstly, the subjects were assessed and evaluated. The demo¬-
graphic data like age, gender was taken after which subjects were 
assigned to groups based on the fitment of UCBL and arch sup-
port (UCBL prescribed for Group A and Medial arch support pre-
scribed for Group B). Prior to each test- balance and functional 
parameters, participants were given 5- 10 minutes practice time 
to be acclimatized about the test procedure. Furthermore, in order 
to become familiar with test procedures, all the participants were 
asked to perform the tests at least one time before the recording of 
the data (Pre interventional data). Post interventional tests- balance 
and functional parameters was taken after four-week of usage of 
the prescribed orthotic treatment and the said pre and post inter-
ventional data was analysed for statistical significance. 
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Protocol of Study 
The testing of the subjects pre and post interventional recording 
were carried out in a fixed visual and acoustic environment. The 
participants were allowed to undergo the test at normal respiration 
without any stress or anxiety. The readings were tak¬en in normal 
climatic conditions at a fixed room temperature. 

Data Collection and Analysis
The subjects 30 (20 males and 10 female) were tested at Pandit 
Deendayal Up¬adhaya National Institute for Person with Physi-
cal disabilities (Divyangjan), New Delhi, India. Ethical commit-
tee approval was sought as the study included human able-bodied 
volunteers as research subjects. Demographic data and pre/post 
interventional test scores were collected and maintained in an Ex-
cel Sheet. The Statistical Anal¬ysis was conducted using SPSS 
software (version 21). One-way ANOVA analysis was performed 
within and between groups (UCBL and Medial Arch Support).

Result
General Characteristics

CHARACTERISTICS VALUE
GENDER
MALE 20(66.6%)
FEMALE 10(33.3%)
AGE(Years)
MALE 18
FEMALE 17.8
WEIGHT (kg)
MALE 53.4
FEMALE 53.2

UCBL Effect
One-way ANOVA shows a significant difference (p=0.00) between 
groups. Post (Berg balance test) shows that UCBL help in main-
taining balance (p=0.000) and t value -6.942

Group Statics

Table 1: UCBL Effect Mean and standard deviation in degrees

UCBL N Mean Std. Deviation T value P value
Berg Balance test Pre test 15 41.6000 1.59463       -6.942 0.000

Post test 15 45.8667 1.76743

Graph 1: Shows Graphical presentation of pre and post effect of UCBL

Medial Arch Support
One-way ANOVA shows a significant difference (p=0.00) between groups. Post (Berg balance test) shows that Medial arch support help 
in maintaining balance (p=0.000) and t value -5.965.



Table 2: Medial Arch Support effect mean and standard deviation in degrees.

Medial Arch 
Support

N Mean Std Deviation T value P value

Pre test 15 42.9333 2.21897 -5.965 0.000
Post test 15 47.6000 2.06328

Table 3: Shows pre and post mean and standard deviation in degree.

UCBL N Mean Std. Deviation T value P value P value
TUG test Pre test 15 2.1000 .50709 10.210 0.000

Post test 15 .6333 .22887

Graph 2: Shows Graphical representation of pre and post effect of Medial Arch Support.

Graph 3: Shows graphical representation of pre and post effect of UCBL in TUG test.

UCBL Effect in TUG Test
One-way ANOVA shows a significant difference (p=0.00) between groups. Post (TUG Test) shows that UCBL help in maintaining 
balance (p=0.000) and t value 10.210
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Medial Arch Support
One-way ANOVA shows a significant difference (p=0.00) between groups. Post (TUG Test) shows that Medial arch support help in 
maintaining balance (p=0.000) and t value 7.315.

Table 4: Show pre and post effect of Medial arch support in TUG Test.

Arch support N Mean Std Error Devi-
ation

T value P value

Pre test 15 1.8667 .61140 7.315 0.000
Post test 15 .6647 .17707

Graph 4: Shows Graphical representation of pre and posttest of Medial Arch Support in TUG Test.

Discussion
The center of body mass tends to internally shift in those people 
with flatfoot due to the fall of the medial longitudinal arch. Ortho-
sis are prescribed to reduce pronation of the foot and to return it to 
its natural posture, which will shift the center of mass of the body 
to its normal position. This may cause alterations in the balance 
strategy adapted by each participant. This finding was inconsistent 
with the result of Landsman, but was consistent with that of Orte-
za et al., Akbari et al., and Gross et al., The decrease in the sway 
caused by some orthoses might be related to their structures [9].

Significant effects were found in dynamic trials (walking and run-
ning) but not in static trials (standing). This may be due to the na-
ture of the motion. In standing, both feet support the human body, 
in a symmetric way. Therefore, the lack of medial support of the 
right foot could be somewhat compensated by the support of the 
left foot, and vice versa. In dynamic trial, the maximum eversion 
angles were obtained during the single-leg stance phase of right 
foot. In this period of time, the left foot was in swing phase and 
could not provide any support to the body. Therefore, the right foot 
alone had to support the full body weight in walking, and even 2–3 
times of the body weight in running. In such situation the medial 
arch-heel support become more demanding, and thus the effect of 
inserts was found significant in dynamic trials. Therefore, evalua-
tion of inserts should be done in dynamics trials to demonstrate the 
effect in dynamic situation [11].

The result is potentially valuable within the body of existing evi-

dence, particularly for practitioners, policymakers, and those pre-
senting with symptoms of flexible flatfoot. The use of insoles or 
orthotics for flatfoot treatment appears to be a common practice, 
although limited evidence supports this practice in nonpatholog-
ical pediatric populations. Nevertheless, (potentially) justifiable 
concerns exist regarding the methodology of the available evi-
dence; this observation suggests that existing studies have gen-
erally included nonsymptomatic participants, measured outcomes 
that have not all been related to activities of daily living, and used 
types of insoles or orthosis that are different from those prescribed 
in clinical practice. Therefore, much of the existing literature has 
limited external validity for practitioners working with adults or 
children with symptomatic flatfoot. This research addresses 2 of 
these concerns by including symptomatic participants and out-
come measures that are valid and reliable indicators of function 
and disability [12-15].

Mulford et al. observed BBS and TUG improvement in 67 healthy 
subjects (mean 69.9 years) wearing insoles with an arch support. 
Although in accordance with our findings, their results had a 
smaller effect size. This difference may be explained by the or-
thoses used in each protocol. Given that a greater concentration of 
mechanoreceptors has been observed in the MTP region, the addi-
tional use of a metatarsal pad in our protocol may have provided 
better afferent information. Percy et al. using a gait perturbation 
protocol, also observed an improvement of balance in 40 older 
adults (mean age 69 years) wearing insoles with edge elevations. 
However, Wilson et al. did not observe postural control improve-
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ment using a balance platform when comparing three groups of 10 
patients with different foot orthoses (with a plain, grid or dimpled 
surface) vs CG without insoles. This disagreement may be due to 
the small number of participants in each group and the compara-
tively young ages of the subjects studied [16-24].

Conclusion
There is significance difference found in this study UCBL is more 
effective as compared to Medial Longitudinal Arch Support in 
maintaining Balance and functional performance related to mobil-
ity in flexible flatfeet.

A comparison of balance and functional parameter results in the 
tested orthoses indicated that the UCBL orthosis significantly in-
creased the stability of people with flexible flatfoot, and it has im-
proved balance in total among those with flatfeet. It seems that cre-
ating mobility in the midfoot area of the foot orthosis may cause 
a balance disturbance in patients with flatfoot. In this study, only 
the immediate effects of an orthosis on balance were investigated; 
the long-term effects of orthoses were not investigated. It is recom-
mended that other balance parameters such as sway of the center of 
pressure and the long-term effect of orthoses also be investigated.

Limitation of the study
1.	 Relatively small sample size limits the study’s generalization.
2.	 Sample was taken from hospital only.
3.	 Use of gait lab system may give the exact data for analysis.
4.	 Immediate orthoses fitting data’s are taken.
5.	 Environmental conditions including temperature, humidity, 

ambient noise, and psychological condition may affect the re-
sult of the study.
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