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SUMMARY

The main purpose of this thesis was to explore the role of ankle foot orthoses (AFOs) on the 

outcomes of clinical tests of balance. First chapter (Chapter One) introduces the thesis by first 

describing the background of ankle foot orthoses and their uses in patient populations. It also 

describes the biomechanical effect of wearing AFOs. Later on, is describes how the use of AFOs 

can affect the outcome of clinical tests of balance assessments. It describes the statement of 

problem, the purpose of conducting the study, the significance of the problem and the 

significance of conducting this study.

Chapter Two describes the literature examining the importance of balance control and various 

clinical tests used for balance assessments. It describes the three tests used for the study-

modified Clinical Test of Sensory Interaction on Balance (mCTSIB), Limits of Stability (LOS) 

test and Functional Reach test illustrated with figures. mCTSIB test assesses the patient’s 

functional balance control in conditions where visual and proprioceptive information is accurate 

and where it is compromised. The testing protocol includes four sensory conditions: standing on 

firm surface of a force platform with eyes open or closed (vision is compromised) and standing 

with eyes open or closed on foam positioned on top of the force platform (proprioception  is

compromised). The computer software calculates the mean COG sway velocity. The LOS test 

assesses the maximum distance a person can intentionally displace their COG from start position 

to eight targets following a moving cursor on the display monitor. The outcomes calculated were 

Reaction time, Movement velocity, End point excursion, Maximum excursion and Directional 

control. The Functional Reach test measures the maximum distance reached in a forward 

direction. Later on in this chapter lack of data available on prescription of orthotics while 
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performing clinical tests of balance is described. The association between ankle foot orthoses and 

clinical tests of balance is then described.

Chapter Three describes the design of the study, the setting in which the study was conducted 

and the selection criteria which includes details of the subjects participating in the study and the 

exclusion criteria. Ten healthy subjects with an average age of 24.9±2.47 years participated in 

the study. Later on it describes the instrumentation used for this study and the step-by-step 

experimental procedure followed for the three clinical tests- modified Clinical Test of Sensory 

Interaction on Balance, Limits of Stability test and Functional Reach test performed in the study. 

This chapter also describes the statistical analysis used in the study.

Chapter Four describes all the results obtained from the three clinical tests of balance. In 

mCTSIB test the mean COG sway velocity was the highest when the test was performed with 

AFOs in eyes closed condition on foam surface. The increase in COG sway velocity was 

statistically significant (p=0.042).

In LOS test the decrease in mean End point excursion with AFOs was found to be statistically 

significant (p=0.018). The decrease in mean Maximum excursion with AFOs was also found to 

be statistically significant (p=0.021). In Functional Reach test the decrease in reach distance on 

wearing AFOs was found to be statistically significant (p=0.003).

It states all the values of each parameter measured of all three clinical tests used and also 

highlights the statistically significant values. This chapter contains graphs for all three tests. 

Chapter Five discusses the role played by ankle foot orthoses in the outcomes of the clinical tests 

of balance performed in the study- modified Clinical Test of Sensory Interaction on Balance, 

Limits of Stability test and Functional Reach test. Chapter Six describes limitations of the study 

and its clinical implications. Chapter Seven describes the conclusions drawn out of the study. 



x

It also describes how this present study can serve as a foundation for future research work 

describing some possibilities and directions for future research work involving use of 

electromyography and different kinds of orthoses. 
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CHAPTER I

INTRODUCTION

1.1 Background

               Ankle foot orthoses (AFOs) that hold the foot and ankle in an aligned position thus 

preventing foot-drop, are frequently prescribed for patients with paretic ankle dorsiflexor 

muscles in order to improve walking ability and to prevent stumbling (Jaivin et al. 1992; Mulroy 

et al. 2010). Multiple studies reported the efficacy of AFOs in improving gait in individuals with 

stroke (Chen et al. 1999; Pohl and Mehrholz 2006; Chen et al. 2008; Cakar et al. 2010; Dogan et 

al. 2011; Silver-Thorn et al. 2011), cerebral palsy (Abel et al. 1998; Butler et al. 2007; Hayek et 

al. 2007) and multiple sclerosis (Sheffler et al. 2008). 

While the  majority of patients are prescribed with unilateral AFOs (Rubin and Cohen 

1988; Fatone et al. 2009; Tyson and Kent 2009), there are a number of adults (e.g. with a spinal 

cord or peripheral nerve diseases) and pediatric patients (e.g. with spastic diplegic cerebral palsy) 

who are users of bilateral AFOs (Brodke et al. 1989; Radtka et al. 2005; Rha et al. 2010). 

Orthotic professionals estimate that there are about 10% of the total adult and about 50% of 

pediatric AFO users who are recipients of bilateral AFOs (Hasso 2012).

          By design, AFOs limit the motion of the ankle joint in one or more planes and, therefore 

are  considered as a kind of  exoskeleton, the mechanical properties and alignment of which are 

closely related to functional performance (Gao et al. 2011). Moreover, since the motion in the 

ankle joint is limited by an AFO, the proprioceptive afferent input from  the muscles, tendons, 

and other tissues of the ankle joint is restricted (Richie 2001); this increases the individual’s need 

to rely on visual and vestibular cues in order to maintain  balance. Furthermore, while AFOs help 
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with the management of various pathological conditions, the role of AFOs in relation to  balance 

control is far from a complete  understanding (Ramstrand and Ramstrand 2010). This is partially 

due to a lack of data on the effect of AFOs on the outcome of commonly used clinical balance 

tests. 

          There are more than two dozen tests used to asses balance in patients (Yelnik and Bonan 

2008; Tyson and Connell 2009). While some of the critical measures clearly restrict the use of 

assistive devices (Genthon et al. 2008), this requirement is not specified in the description of 

others (Lee et al. 1988). Moreover, while the majority of clinical tests for balance require 

patients to be barefoot while testing, there are many reasons why this is not evident when 

administering these tests routinely. As a result, the outcomes of these clinical tests of balance 

might not always reflect the true balance ability of a patient.

          The aim of the study was to investigate the effect of AFOs on the outcome of balance 

assessment.  To minimize the interference by co-morbidities which might be apparent in the 

patient population, we studied healthy subjects. Simulating conditions of AFOs used by a patient 

population allows evaluation of the effect of AFOs on clinical assessment of balance with no 

interference by the co-morbidities. We hypothesized that the use of AFOs would affect the 

outcome of balance assessments.

1.2 Statement of the problem

Outcomes of clinical tests of balance are extremely important in order to obtain an objective 

measure of ability of a patient to maintain balance. Patient populations are often tested with or 

without orthotic and prosthetic devices. As a result there is a possibility of introduction of 

variability in balance scores which might affect outcomes of clinical tests of balance. Hence 

there is a need to study the effect of ankle foot orthosis on the outcome of clinical tests of 
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balance. It is equally important to minimize interference by co-morbidities which might be 

apparent in patient population. So a healthy population was chosen to study the effect of ankle 

foot orthosis which could be then implied in the measurement of balance in patient population.

1.3 Purpose of study

The purpose of this study was to investigate the effect of ankle foot orthoses on balance 

assessment using commonly used clinical tests of balance.

1.4 Significance of problem

AFOs are commonly used to treat a variety of pathologies affecting joint stability and 

neuromuscular insufficiency. However, because of inherent effects on the ankle joint, AFOs may 

have positive or negative impacts on balance. As a result, when individuals using AFOs undergo 

balance assessment, the outcome of the tests frequently reflects the effect of both, the impairment 

and AFOs. To evaluate the effect of AFOs per se and to minimize the effect of the presence of 

any kind of co-morbidity healthy individuals need to be tested.

1.5 Significance of study

Knowledge of the AFO-related sources of measurement error can provide meaningful 

information for clinicians who perform tests of balance or evaluate patient progress during the 

course of a balance intervention program. The study emphasizes a need for reviewing the 

descriptions of clinical tests of balance with the focus on clarifying the use of AFOs during the 

tests so the consistency and repeatability of the assessments is maintained.



2.1 Balance control

Fig 1. Illustration of 

          Balance is defined as the ability to maintain a position within the limits of stability or base

of support (Tyson and Connell 2009)

facilitate voluntary movement and to recover equilibrium incase external forces are applied to 

the body (Cakar et al. 2010). Healthy humans 

activation of muscles however balance is compromised in individuals with musculoskeletal and 

neuromuscular pathologies. Accurate evaluation of balance is important for prescribing 

appropriate mobility aids, determining the most effective treatment interventions, and identifying 

safe and unsafe activities related to

are used to measure balance which include

Test, Tinetti balance scale and the Functional Reach test

Computerized measurement and feedback systems devised to assess and train static and dynamic 

balance performance are also available. These systems are comprised of hardware and software 

to provide quantitative information and feedback pertaining to stability and weight transference. 

CHAPTER II

LITERATURE REVIEW

Illustration of NeuroCom Balance Master

Balance is defined as the ability to maintain a position within the limits of stability or base

(Tyson and Connell 2009). Goals of balance are to maintain postural alignment, to

facilitate voluntary movement and to recover equilibrium incase external forces are applied to 

Healthy humans are able to maintain balance using proper

alance is compromised in individuals with musculoskeletal and 

neuromuscular pathologies. Accurate evaluation of balance is important for prescribing 

aids, determining the most effective treatment interventions, and identifying 

related to impairment or pathology. Different batteries of clinical tests 

to measure balance which includes Barthel Index, Fugl-Meyer Test, Timed up & Go 

e and the Functional Reach test (Tyson and Connell 2009)

Computerized measurement and feedback systems devised to assess and train static and dynamic 

are also available. These systems are comprised of hardware and software 

to provide quantitative information and feedback pertaining to stability and weight transference. 
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Balance is defined as the ability to maintain a position within the limits of stability or base

Goals of balance are to maintain postural alignment, to

facilitate voluntary movement and to recover equilibrium incase external forces are applied to 

are able to maintain balance using properly scaled 

alance is compromised in individuals with musculoskeletal and 

neuromuscular pathologies. Accurate evaluation of balance is important for prescribing 

aids, determining the most effective treatment interventions, and identifying 

impairment or pathology. Different batteries of clinical tests 

med up & Go 

(Tyson and Connell 2009).

Computerized measurement and feedback systems devised to assess and train static and dynamic 

are also available. These systems are comprised of hardware and software 

to provide quantitative information and feedback pertaining to stability and weight transference. 



Menu-driven test suites have been developed to isolate and challenge the sensory and 

components of balance at various

Balance Master (NeuroCom, USA

subjects as they are commonly used and inexpensive tools of balance measurement.

2.2 modified Clinical Test of Sensory Interaction on Balance

Fig 2. Demonstration of modified Clinical Test of Sensory Interaction on Balance

In a study, modified Clinical Test of Sensory 

asymptomatic groups divided into younger, middle

subjects diagnosed with vestibular disorders. The results of this study showed that the subjects 

with vestibular disorders showed 

matched healthy subjects. Moreover, this test was 

examining static standing balance

driven test suites have been developed to isolate and challenge the sensory and 

components of balance at various levels of difficulty. mCTSIB and LOS test from the NeuroC

om, USA) and the Functional Reach test were chosen to t

are commonly used and inexpensive tools of balance measurement.

modified Clinical Test of Sensory Interaction on Balance

modified Clinical Test of Sensory Interaction on Balance

modified Clinical Test of Sensory Interaction on Balance was examined in

asymptomatic groups divided into younger, middle-aged and older age group and a group of 

subjects diagnosed with vestibular disorders. The results of this study showed that the subjects 

showed significantly worse performance when compared with age 

Moreover, this test was found to be a useful screening tool for 

amining static standing balance (Cohen et al. 1993).   
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driven test suites have been developed to isolate and challenge the sensory and motor 

LOS test from the NeuroCom 

to test the healthy 

are commonly used and inexpensive tools of balance measurement.

modified Clinical Test of Sensory Interaction on Balance

was examined in three 

aged and older age group and a group of 

subjects diagnosed with vestibular disorders. The results of this study showed that the subjects 

en compared with age 

useful screening tool for 



2.3 Limits of Stability test

Fig 3. Demonstration of 

The LOS test is commonly used in 

person to control intentional movements of the center of gravity (COG) when leaning or 

performing weight shifting activities which is critical to the successful performance of various 

functional tasks associated with activities of daily living (ADLs). 

reliable assessment of dynamic balance when administered to healthy young and older adults 

with no recent history of falls (Clark et al. 1997; Newstead et al. 2005)

Demonstration of Limits of Stability test

The LOS test is commonly used in clinical assessment of balance. It measures the ability

to control intentional movements of the center of gravity (COG) when leaning or 

performing weight shifting activities which is critical to the successful performance of various 

functional tasks associated with activities of daily living (ADLs). The LOS test

reliable assessment of dynamic balance when administered to healthy young and older adults 

(Clark et al. 1997; Newstead et al. 2005).
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clinical assessment of balance. It measures the ability of a 

to control intentional movements of the center of gravity (COG) when leaning or 

performing weight shifting activities which is critical to the successful performance of various 

st is considered a 

reliable assessment of dynamic balance when administered to healthy young and older adults 
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2.4 Functional Reach test

Fig 4. Demonstration of Functional Reach test

The Functional Reach test measures the maximum distance reached in a forward direction.  It

was shown that the Functional Reach test has a high predictive validity, test-retest reliability

and interobserver reliability for younger and older adults (Duncan et al. 1990; Duncan et al. 

1992; Hageman et al. 1995).

2.5 Lack of data on prescription of orthotics while performing clinical tests of balance

There have been studies in the past where the use of assistive devices has been clearly restricted 

while there are some other studies where this requirement is not specified. For example in one 

study, the percentage of body weight on each leg was compared between two groups- one 

healthy and the other consisting of hemiparetic subjects using a dual force platform. In this study 



the use of assistive devices was restricted where a

human aid (Genthon et al. 2008)

static standing balance in subjects with hemiparesis 

no restriction on use of assistive device and the c

patients with or without their orthosis.

2.6 Ankle foot orthoses

Fig 5. Semi

Ankle Foot Orthoses are commonly used to treat a variety of pathologies affecting joint stability 

and neuromuscular insufficiency

prevent foot drop. Multiple studies reported the efficacy of AFOs in improving gait in 

patient populations. However there is lack of data on the effect of AFOs on the outcome of 

commonly used clinical balance tests.

assistive devices was restricted where all subjects were tested without any technical or 

(Genthon et al. 2008). Another study focused on quantitative and clinical measures of 

subjects with hemiparesis and healthy controls. In this study there was 

no restriction on use of assistive device and the clinical tests of balance were conducted in 

patients with or without their orthosis. (Lee et al.1988).

Semi-rigid polypropylene ankle foot orthosis

are commonly used to treat a variety of pathologies affecting joint stability 

and neuromuscular insufficiency. AFOs hold the foot and ankle in an aligned position and 

Multiple studies reported the efficacy of AFOs in improving gait in 

here is lack of data on the effect of AFOs on the outcome of 

commonly used clinical balance tests.      
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ll subjects were tested without any technical or 

quantitative and clinical measures of 

In this study there was 

tests of balance were conducted in 

are commonly used to treat a variety of pathologies affecting joint stability 

. AFOs hold the foot and ankle in an aligned position and 

Multiple studies reported the efficacy of AFOs in improving gait in different 

here is lack of data on the effect of AFOs on the outcome of 
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CHAPTER III

METHODS

3.1 Design

The study was conducted in a single group of healthy subjects tested with and without ankle foot 

orthoses. 

3.2 Setting

All experiments were performed at the Harry G Knecht Laboratory in the Department of 

Physical Therapy at the University of Illinois at Chicago.

3.3 Selection criteria

Ten healthy individuals of average age 24.9±2.47 years with normal vision, or corrected to 

normal vision, participated in the study. There were five males and five females with a height of 

168.4±8.3cm and weight of 64.02±13.5kg. Those on antidepressants, anxiolytics, sedatives and 

hypnotics were excluded. The study was approved by the University of Illinois at Chicago 

Institutional Review Board and informed consent was obtained from subjects prior to study 

participation.

3.4 Instrumentation

A pair of prefabricated, appropriate sized, semi-rigid polypropylene ankle foot orthoses was 

used. During all of the tests the subjects were provided with a pair of standardized sandals to 

minimize the effect of footwear on the study outcome. The sandals had adjustable Velcro straps 

which allowed for a proper fitting. To perform the modified Clinical Test of Sensory Interaction 

on Balance (MCTSIB) and the Limits of Stability (LOS) test, the Balance Master® (NeuroCom, 
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USA) was used. It includes a dual force platform connected to a computer. To measure the 

forward reach distance in Functional Reach Test a tape measure was affixed to the wall.

3.5 Experimental procedure

Clinical assessments of balance were performed with and without AFOs. A pair of prefabricated, 

appropriate sized, semi-rigid polypropylene ankle foot orthoses was used. These AFOs were 

sturdy enough to limit ankle motion to a few degrees during the clinical tests of balance. During 

all of the tests the subjects were provided with a pair of standardized sandals to minimize the 

effect of footwear on the study outcome. The sandals had adjustable Velcro straps which allowed 

for a proper fitting. Prior to the test, the subjects were able to familiarize themselves with the use 

of AFOs. No participant complained of discomfort during testing. The order of balance tests and 

the order of experiments with wearing AFOs and no AFOs was randomized.

The Balance Master® (NeuroCom, USA) that includes a dual force platform connected to a 

computer was used to perform the modified Clinical Test of Sensory Interaction on Balance

(mCTSIB) (Cohen et al. 1993) and the Limits of Stability (LOS) test (Newstead et al. 2005).  

3.5.1 modified Clinical Test of Sensory Interaction on Balance

The mCTSIB test assesses the patient’s functional balance control in conditions where visual and 

proprioceptive information is accurate and where it is compromised. The testing protocol 

included four sensory conditions: standing on a firm surface of a force platform with eyes open 

and closed (vision was compromised) and standing with eyes open or closed on foam positioned 

on the top of the force platform (proprioceptive information and vision were compromised) 

(Brodke et al. 1989; NeuroCom 2010). The subjects were positioned on the platform or on the 

foam using a standard NeuroCom protocol: the lateral borders of their  feet were aligned with the 
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appropriate height line marked on the force platforms and the medial malleoli were aligned with 

the transverse force platform line (NeuroCom 2010).   The computer software calculated the 

subject’s mean Center of Gravity (COG) sway velocity for the four testing conditions 

(NeuroCom 2010). The test-retest reliability for the mCTSIB was found to be high (Hageman et 

al. 1995).

3.5.2 Limits of Stability test      

The LOS test assesses the maximum distance a person can intentionally displace their center of 

gravity (COG) from start position to eight targets following a moving cursor on the display 

monitor (representing the subject's COG) without losing balance, stepping or reaching for 

assistance (NeuroCom 2010).

During the test, the subjects stood on the force platform with the feet positioned according to the 

manufacturer’s instructions (NeuroCom 2010).They were required to shift their body in the 

direction of one of the highlighted targets (forward, right forward, right, right backward, 

backward, left backward, left, left forward) shown on the screen. The subjects were instructed to 

follow the cursor to each target as it was highlighted using movements about the ankle joints and 

remain at that target for 3 seconds before returning to the central target (neutral). The maximum 

allowable movement time to reach a target was 8 seconds. The test provides several outcomes. 

Among them are: Reaction Time (RT) that is the time in seconds between the command to move 

and the patient's first movement, Movement Velocity (MVT VEL) that is the average speed of 

the subject’s COG movement in degrees per second, and Directional Control (DC) that is  a 

comparison of the amount of movement in the intended direction (towards the target) to the 

amount of extraneous movement (away from the target) (NeuroCom 2010) (NeuroCom 2002). In 

addition, the test allows assessing the subjects’ endpoint excursion and maximum excursion. 
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Endpoint excursion (END PT EX) is the point at which the initial movement toward the target 

ceases. Maximum excursion (MAX EX) is defined as the maximum distance up to which the 

subject is able to shift his/her COG towards the highlighted target: it was calculated as the 

distance of the first movement toward the designated target, expressed as a percentage of 

maximum LOS distance (NeuroCom 2010).         

3.5.3 Functional Reach test

The Functional Reach test measures the maximum distance reached in a forward direction 

(Duncan et al. 1990). It was shown that the Reach test has a high predictive validity, test-retest 

reliability and interobserver reliability for younger and older adults (Duncan et al. 1990; Duncan 

et al. 1992; Hageman et al. 1995). A tape measure was affixed to the wall to measure the reach 

distance. The position of the feet was controlled during all the parts of the test. The subjects were 

told to stand erect maintaining the shoulders at the same level and raise one of their shoulders 

and arms, whichever was comfortable, to 90°. They were instructed to use the hand with which 

performance of the Functional Reach test was comfortable. The instruction given was to reach as 

far as they could without losing balance or taking a step in a plane parallel to the tape measure 

(Duncan et al. 1992). Three trials were recorded and before the recording, each subject was given 

a practice trial. If the subject took a step in any of the three trials, that trial was discarded. The 

reach distance was calculated as the difference between the final and the initial position that the 

subject reached (Duncan et al. 1992). The reach distance was measured in centimeters.

3.6 Statistical Analysis

Repeated measures ANOVAs were performed separately to obtain an outcome for each 

parameter of the MCTSIB test, LOS test and Reach test. In all of the tests, the independent 

measures were AFOs and no AFOs. The dependent measures for mCTSIB were COG sway 
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velocity. The dependent variables for LOS were reaction time (RT), movement velocity (MVT 

VEL), end point excursion (END PT EX), maximum excursion (MAX EX) and directional 

control (DC). For Reach test, the dependent variable was the reach distance in forward direction. 

The level of significance was set at p<0.05.
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CHAPTER IV

RESULTS

4.1 modified Clinical Test of Sensory Interaction on Balance

Figure 6. Mean COG sway velocities obtained without AFOs and when AFOs were provided to 

the subjects (mCTSIB Test). (A) Firm surface, eyes open, (B) Firm surface, eyes closed, (C) 
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Foam, eyes open, (D) Foam, eyes closed. Mean and SD are shown.*Statistical significance (p < 

0.05).

The outcome of the mCTSIB test is shown in Figure 1. The mean COG sway velocity in the 

eyes open condition on a firm surface without AFOs was 0.25± 0.05deg/s and when the AFOs

were provided it decreased to 0.22 ±0.1 deg/s. When the same task was performed during the

eyes closed condition on a firm surface without AFOs the mean COG sway velocity was

0.28 ±0.07 deg/s and when the AFOs were provided it decreased to 0.24 ± 0.1deg/s (p > 0.05). 

The mean COG sway velocity during the eyes open condition on a foam surface without

AFOs was 0.52 ± 0.11deg/s and when AFOs were provided, it increased to 0.6 ± 0.10deg/s

(p>0.05). When the same task was performed during the eyes closed condition on a foam

surface without AFOs the mean COG sway velocity was 1.02± 0.16deg/s and when AFOs were

provided it increased to 1.4± 0.47deg/s. The increase of COG sway velocity was statistically

significant (F (1, 9) = 5.61, p = 0.042) (Figure 1). 
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4.2 Limits of Stability

Figure 7. The outcomes of the LOS Test without AFOs and when the subjects were provided 

with AFOs are shown. (A) Reaction time, (B) Movement velocity, (C) Endpoint excursion, (D) 

Maximal excursion, and (E) Directional control. Data are calculated across targets. 
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*Significance (p < 0.05).

The results of the LOS test are shown in Figure 2. The mean RT without AFOs was 

0.8 ± 0.18 sec and when AFOs were provided it increased to 0.84± 0.23 sec (p > 0.05). The 

mean MVT VEL without AFOs was 4.55± 1.43 deg/s and when the subjects were provided with

AFOs it decreased to 4.05±1.74 deg/s (p > 0.05). The mean END PT EX without AFOs was 

80.1± 8.9% and when the subjects were provided with AFOs it decreased to 73.4± 9.6%. The

decrease was found to be statistically significant (F (1, 9) = 8.34, p= 0.018). Finally, the mean 

MAX EX without AFOs was 91.4±6% and when the subjects were provided with AFOs 

it decreased to 86.2± 6.8%; this outcome was statistically significant.

(F (1, 9) = 7.81, p = 0.021). Figure 2 shows the mean end point excursion (END PT EX) and

maximum excursion (calculated across targets) without AFOs and when the subjects were

provided with AFOs.

The mean directional control (DC) without AFOs was 80.1±5.6% and when the subjects were 

provided with AFOs it increased slightly to 80.5± 6.6% (p> 0.05)



18

4.3 Functional Reach Test

Figure 8. Mean reach distance with and without AFOs. Mean and SD are shown. *Significance 

(p < 0.05).

In Forward Reach test (Figure 3), the mean reach distance without AFOs was 35.73±7.37 cm and 

when the subjects were provided with AFOs it decreased to 31.81±7.44 cm. This difference was 

statistically significant (F (1, 9) =  16.04, p = 0.003).   
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CHAPTER V

DISCUSSION

          AFOs are commonly used to treat a variety of pathologies affecting joint stability and 

neuromuscular insufficiency. However, because of their inherent effects on the ankle joint, AFOs 

may have positive or negative impacts on balance (Seale 2010). Thus, in patients wearing AFOs 

balance could be affected by two major factors: 1) a disease-related impairment and 2) the AFOs 

themselves as the AFOs constraint the movements in the ankle joints. Consequently, when 

individuals using AFOs undergo balance assessment, the outcome of the tests frequently reflects 

the effect of both, the impairment and AFOs. To evaluate the effect of AFOs per se (and to 

minimize the effect of the presence of any kind of co-morbidity) we tested healthy individuals. 

The subjects’ performance during the clinical tests of balance involving the Balance Master® 

(Liston and Brouwer 1996) and Functional Reach test (Duncan et al. 1990) was evaluated with 

no AFOs and when AFOs were provided. Findings from the present investigation indicate that 

the performance was affected when administering the clinical tests of balance while using AFOs.

Thus, the overall outcomes of the three tests of balance (the modified Clinical Tests of Sensory 

Interaction on Balance (MCTSIB) and the Limits of Stability test, and the Functional Reach test) 

demonstrated a decline in the test performance while wearing the AFOs.

5.1 Role of Ankle Foot Orthoses in modified Clinical Test of Sensory Interaction of Balance 

Increased postural sway in conditions where the subject is instructed to stand quietly (with or 

without vision and on a firm or compliant surface) is assumed to represent poor balance or 

decreased stability (Panzer et al. 1995). The mean COG sway velocity was found to be slightly 

decreased with the eyes open and closed while the subjects were standing on a firm surface with 
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AFOs as compared to the no AFOs condition. However, the mean COG sway velocity in both 

eyes open and eyes closed conditions while standing on a foam surface was significantly higher 

when the subjects were provided with AFOs. A plausible explanation for the observed AFO-

related differences in the COG sway relates to the fact that the movements in the ankle joints 

were restricted by the AFOs, and the body sway in such conditions is mostly controlled by 

activating muscles around the hip joints. Such a control of posture (that resembles a “hip 

strategy” described by Horak and Nashner was sufficient enough while standing on a firm 

surface (Horak and Nashner 1986). As a result, almost similar magnitudes of the COG sway 

were observed in conditions with and without AFOs while standing on a firm surface. Quite the 

opposite however, the control of posture while standing on a compliant surface required active 

movements of the ankle joints. When active ankle joint movements were constrained by AFOs 

(resulting also in restricted sensory input from joint and muscle receptors), the COG sway was 

significantly larger as compared to the conditions with no AFOs.  This outcome correlates with 

the literature data suggesting that the surface on which the individual is balancing and the 

availability of sensory cues are important contributors to the selection of strategy for balance 

maintenance (Nashner et al. 1982). Moreover, the observed AFOs-related increase in the COG 

velocity is in agreement with the literature, reporting that the largest velocity of postural sway 

was recorded in patients with functional ankle instability provided with semi-rigid orthoses as 

compared to a soft or no orthoses at all (Hadadi et al. 2011).

5.2 Role of Ankle Foot Orthoses in Limits of Stability test

The LOS test is commonly used in clinical assessment of balance. The LOS test assesses the 

ability of an individual to control balance in conditions that simulate common activities of daily 

living that involve lean of the body  in different directions and reaching (Wallmann 2001; 
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Newstead et al. 2005). The LOS test is considered a reliable assessment of dynamic balance 

when administered to healthy young and older adults with no recent history of falls (Clark et al. 

1997).

The main effect of the AFOs was seen in the end point excursion and maximum excursion 

(p<0.05), the two important parameters in the LOS test. It is known that  AFOs affect the range 

of motion and flexibility in the ankle joints (Ramstrand and Ramstrand 2010)  and as such this 

could affect the subjects’ ability to move the body in the direction of the target. With no AFOs 

the subjects were able to voluntarily move their COG to positions within the LOS. However, 

when they were required to perform the same test while provided with the AFOs (that limited the 

motion in the ankle joints) the subjects’ ability to shift the COG within the LOS was significantly 

diminished. 

At the same time, no differences were found in the mean reaction time and movement velocity 

between the conditions with and without AFOs. This outcome is not surprising because these 

two components of the LOS test reflect how fast an individual displaces his/her COG. Indeed, 

reaction time delays are commonly associated with difficulties in cognitive processing and/or 

motor diseases and reduced movement velocities are indicative of high-level central nervous 

system deficits such as Parkinson's disease and age-related disorders (NeuroCom 2010). 

However, since the subjects were healthy individuals, their abilities to displace the COG were 

not affected by the use of the AFOs. It is also known that the reaction time and movement 

velocity could be improved with training; however no training was provided to the study 

participants. As such, one should not expect to see significant changes in the reaction time or 

velocity of the body movements during one study session. This outcome is in line with other
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studies reporting that even practicing slow movements does not improve movement velocity 

component of the LOS test (Gyllensten et al. 2010) .

5.3 Role of Ankle Foot Orthoses in Functional Reach test

Maximum forward reach distance is a recognized clinical measure of standing balance and it has 

been shown to decrease with age (Duncan et al. 1990). It was also shown that a diminished reach

distance is strongly correlated  with high fall risk in individuals aged 70 years or older (Duncan 

et al. 1992), individuals with peripheral vestibular disorders (Mann et al. 1996), Parkinson’s 

disease (Brusse et al. 2005) and stroke (Kligyte et al. 2003). Maximum forward reach measures 

obtained in the current study were consistent with those published by other authors (Duncan et 

al. 1990; Isles et al. 2004). At the same time, there were AFO-related differences in maximum 

reach between the conditions. In the current study, AFOs were responsible for the reduction of 

the reach distance in forward direction: this conclusion is supported by the results of a statistical 

analysis comparing the maximal reach distance between the conditions with and without AFOs.  

One can ask a question of why the forward reach distance decreased when AFOs were provided 

to the subjects. A possible explanation relates to the fact that the AFOs must have restricted the 

ankle joint movements in the sagittal plane: this was translated into the inability of the subjects to 

reach as far as they could without taking a step in a forward direction.  Normal reaching 

movements engaging more than one joint are characterized by smooth, approximately bell-

shaped velocity profiles and straight trajectories (Kuhtz-Buschbeck et al. 1998). It is quite 

possible that restricting the ankle joint movements induces a multi-joint disco- ordination that 

might lead to abnormal movement trajectories (Shumway-Cook and Woollacott 2001). Another 

explanation relates to the possibility of performing reaching movements with different velocities. 

It was shown previously that healthy women reached further when reaching slowly than when 
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reaching rapidly (Kozak et al. 2003). If our subjects truly decreased their velocity of reaching 

while using AFOs, it would have resulted in reaching further. This however, was not the case 

since all of the subjects demonstrated lesser reach distances while using AFOs.  As such, we 

believe that the potential differences in the velocity of reaching movements could not be a reason 

for the decreased reaching distance in the conditions with the AFOs. However, since we did not 

record the velocity of the reaching movements, a probable role of the velocity of reaching has to 

be studied further in the future. Finally, it is possible that the use of AFOs was associated with 

the inability of the subjects to use an ankle strategy during reaching.  Previous literature suggests 

that young subjects could use an ankle strategy while performing a Functional Reach test (Liao 

and Lin 2008) while it is more common that older adults adopt a hip strategy during performance 

of the Reach test (Jonsson et al. 2003) (Clark et al. 2005). As such, changes in the maximal 

reach distance observed in the current study could be due to restriction of movements in the 

ankle joints related to the AFOs and an inability to use the ankle strategy. 
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CHAPTER VI

LIMITATIONS AND CLINICAL IMPLICATIONS

6.1 Limitations

One study limitation relates to the small number of subjects. Another limitation relates to the fact 

that only healthy individuals were tested. As such similar studies need to be conducted involving 

different patient populations. Future studies can also be conducted using different types of AFOs.

6.2 Clinical implications

Knowledge of the AFO-related sources of measurement error can provide meaningful 

information for clinicians who perform tests of balance or evaluate patient progress during the

course of a balance intervention program. One important implication emerging from our findings 

is that AFOs might negatively affect the outcome of the commonly used clinical balance 

assessments. Specifically, the ability to move, lean, or reach towards ones stability boundaries 

was affected with the use of AFOs which is critical to the performance of functional tasks such 

as picking an object from a shelf, initiation of gait, etc. The study underlines a need for 

reviewing the descriptions of clinical tests of balance with the focus on clarifying the use of 

AFOs during the tests so the consistency and repeatability of the assessments is maintained.

While the results of the study point out to the adverse effect of AFOs in the outcome of the three 

clinical tests of balance, this conclusion should be confirmed in the studies involving different 

patient populations.
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CHAPTER VII

CONCLUSIONS AND FUTURE DIRECTIONS

7.1 Conclusions 

Ankle foot orthoses that are used to improve ambulation in the patients appear to have a negative 

effect on the outcome of some clinical tests of balance in healthy adults. This information should 

be taken into consideration while performing balance evaluations in the clinic. Moreover, the 

outcome of this preliminary research provides a basis for studying the effect of AFOs in the 

outcomes of clinical tests of balance in patients.

7.2 Future directions

In future research work, effect of unilateral AFO can be studied. Recording electromyographic 

activity of muscles would help to study different strategies used. Effect of different types of 

ankle foot orthoses can be studied as well.
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