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Quality improvement (QI) in healthcare aims for higher performance. Nonetheless, QI and 

guidelines implementation focus mostly on assessing the processes and less attention is given to 

the effect on clinical outcomes. This project examined the adherence of physical therapists to the 

clinical decision rules (CDRs) in balance and vestibular rehabilitation and its effect on clinical 

outcomes. We hypnotized that physical therapists would be more adherent to the CDRs after the 

QI interventions. Also, we hypothesized that persons with balance and vestibular disorders who 

were treated in adherence to the CDRs would have better scores on the clinical outcomes. 

Eighteen physical therapists were randomly assigned to the intervention or wait-listed 

groups. Both groups received the QI interventions at different time points. The main outcome 

was the adherence to the CDRs. Four hundred fifty-four patients’ evaluation forms had complete 

follow-up data and were classified as either being adherent or non-adherent to the CDRs. The 

clinical outcomes were the Activities-specific Balance Confidence scale (ABC), the Dizziness 

Handicap Inventory (DHI), and the Global Rating of Change (GRC). 

The change in adherence rates after the QI interventions was 9% and 12% for the 

intervention and wait-listed groups, respectively. There was a significant within group effect 

(p=0.008), but the between groups difference was not significant (p=0.8). The interaction effect 

was not significant (p=0.6). The change in the ABC score was 14 and 9 for adherent and non-

adherent forms, respectively. For the ABC, there was a significant change within groups 

(p=<0.001) and the change was not significant between groups (p=0.8). The change in the DHI 

BALANCE AND VESTIBULAR REHABILITATION QUALITY IMPROVEMENT 
  

Mohammad A. ALMohiza, PhD, PT 

University of Pittsburgh, 2014

 



 v 

score was -16 for adherent forms and -17 for non-adherent forms. The change within and 

between groups for the DHI was not significant (p=0.6 and 0.7, respectively). Median GRC score 

was +5 for adherent forms and +4.5 for non-adherent forms. The difference in the GRC scores 

between adherent and non-adherent forms was not significant. 

This QI project showed enhancement in adherence to the CDRs in both groups. There 

was no additional benefit in the clinical outcomes for adherent evaluation forms. 

 

 



 vi 

TABLE OF CONTENTS 

PREFACE .................................................................................................................................... XI 

1.0 INTRODUCTION ........................................................................................................ 1 

1.1 STATEMENT OF THE PROBLEM ................................................................. 1 

1.2 PURPOSE OF THE STUDY .............................................................................. 2 

1.3 DEFINITION OF TERMS ................................................................................. 2 

2.0 BACKGROUND AND SIGNIFICANCE .................................................................. 4 

2.1 EPIDEMIOLOGY OF BALANCE AND VESTIBULAR DISORDERS ....... 4 

2.2 BALANCE AND VESTIBULAR REHABILITATION .................................. 6 

2.3 QUALITY IMPROVEMENT ............................................................................ 6 

2.4 CLINICAL DECISION RULES IMPLEMENTATION ............................... 19 

2.5 CHANGING CLINICAL BEHAVIOR ........................................................... 20 

2.5.1 EDUCATIONAL TRAINING ................................................................... 21 

2.6 SPECIFIC AIMS AND HYPOTHESES ......................................................... 23 

3.0 METHODS ................................................................................................................. 25 

3.1 DEVELOPMENT OF BALANCE AND VESTIBULAR FORM ................. 26 

3.2 DEVELOPMENT OF CLINICAL DECISION RULES ............................... 28 

3.3 INTERVENTIONS STRATEGIES ................................................................. 28 

3.4 RESEARCH DESIGN ....................................................................................... 31 



 vii 

3.5 DATA COLLECTION ...................................................................................... 33 

3.6 STATISTICAL ANALYSES ............................................................................ 35 

4.0 A QUALITY IMPROVEMENT PROJECT IN BALANCE AND VESTIBULAR 

REHABILITATION: A RANDOMIZED CONTROLLED TRIAL ..................................... 37 

4.1 INTRODUCTION ............................................................................................. 37 

4.2 METHODS ......................................................................................................... 39 

4.3 STATISTICAL ANALYSES ............................................................................ 43 

4.4 RESULTS ........................................................................................................... 44 

4.5 DISCUSSION ..................................................................................................... 49 

4.6 LIMITATIONS .................................................................................................. 54 

4.7 CONCLUSION .................................................................................................. 55 

5.0 THE EFFICACY OF A QUALITY IMPROVEMENT PROJECT ON 

OUTCOMES OF PERSONS WITH BALANCE AND VESTIBULAR DISORDERS ....... 70 

5.1 INTRODUCTION ............................................................................................. 70 

5.2 METHODS ......................................................................................................... 71 

5.3 STATISTICAL ANALYSES ............................................................................ 76 

5.4 RESULTS ........................................................................................................... 77 

5.5 DISCUSSION ..................................................................................................... 79 

5.6 LIMITATIONS .................................................................................................. 83 

5.7 CONCLUSION .................................................................................................. 83 

6.0 GENERAL DISCUSSION ........................................................................................ 91 

6.1 LIMITATIONS .................................................................................................. 93 

6.2 FUTURE RESEARCH ...................................................................................... 94 



viii 

6.3 CONCLUSION .................................................................................................. 95 

APPENDIX A: BALANCE AND VESTIBULAR EVALUATION FORM .......................... 97 

APPENDIX B: CONCUSSION EVALUATION FORM ...................................................... 100 

APPENDIX C: CONTRAINDICATIONS TO BALANCE AND VESTIBULAR TESTING

..................................................................................................................................................... 103 

APPENDIX D: CLINICAL DECISION RULES................................................................... 107 

APPENDIX E: SHORT TEST ................................................................................................. 109 

APPENDIX F: BALANCE AND VESTIBULAR PYSICAL THERAPY DIAGNOSIS AND 

ICD-9 CODES ........................................................................................................................... 112 

APPENDIX G: POST-HOC SURVEY ................................................................................... 114 

BIBLIOGRAPHY ..................................................................................................................... 121 



ix 

 LIST OF TABLES 

Table 1 Clinical decision rules (CDRs). ....................................................................................... 62 

Table 2 Physical therapists’ characteristics (n= 18). .................................................................... 64 

Table 3 Patients' characteristics (n=580). ..................................................................................... 66 

Table 4 Response rates to compliance and adherence reminders. ................................................ 67 

Table 5 Mixed-factor ANOVA of adherence rates for weeks 4-12 and all 16 weeks. ................. 68 

Table 6 Treatment categories categorized according to the CDRs situations. ............................. 69 

Table 7 Number of evaluation forms for which discharge or last follow-up data�ZHUH�UHFHLYHG. 85 

Table 8 Physical therapists’ characteristics (n= 23).......���������������������������������������������������............ 86 

Table 9 Patients' demographics (n=454). ...................................................................................... 88 

Table 10 Mixed-factor ANOVA for the ABC and DHI, and Mann-Whitney U test for the GRC 89 



x 

LIST OF FIGURES 

Figure 1 Quality improvement project timeframe. ....................................................................... 57 

Figure 2 Weekly compliance rates before and after the compliance reminders. .......................... 58 

Figure 3 Weekly adherence rates before and after adherence reminders. .................................... 59 

Figure 4 Percentage of evaluation forms categorized by the number of over-utilized treatment 

categories. ..................................................................................................................................... 60 

Figure 5 ,QGLYLGDO�Ddherence rates pre/post intervention for physical therapists (n= 18)......���.... 61 

Figure 6 The quality improvement project design. ....................................................................... 84 



 xi 

PREFACE 

I would like to express my gratefulness to my family who encouraged and supported me. I would 

like to acknowledge the members of my committee Dr. Susan Whitney, Dr. Patrick Sparto, Dr. 

Gregory Marchetti, Dr. Anthony Delitto, and Dr. Joseph Furman for their limitless guidance and 

support. This project would have been impossible without the support I got form my committee. 

I would like to thank Debora Miller and Nuket Curran from the Centers for Rehab 

Services management for their assistance with the project. I would like to acknowledge the 

physical therapists in the Centers for Rehab Services for their help and participation in this 

project. Nabeel ALGhamdi and Rob Cavanaugh are also acknowledged for their help with the 

data collection. Also, I thank my friends in the PhD program. 

 

 

 



  1 

1.0  INTRODUCTION 

In the United States, the level of adherence of healthcare to quality standards is unknown.1,2 

Quality can be described as evidence-based practice and best practice.3 Unexplained disparity in 

clinical care plays a role in medical error and lack of quality of healthcare.4 

Reason5 described medical error as the failure to plan healthcare to achieve a desired 

goal, or failure to adhere to a planned care. However, when a medical error occurs, it is 

necessary to know how and why it occurred, not who made that error.6 

Avoidable medical errors and adverse events are a leading cause of death in the United 

States, and approximately cause death to 44,000-98,000 and injuries to 1,000,000 citizens each 

year.7 Studies have shown improvements in care from quality improvement projects in numerous 

health care aspects.8-13 However, many studies reported that the quality improvement initiatives 

in the US and Canada ranged from failure to 50% success.14-18 

1.1 STATEMENT OF THE PROBLEM 

Quality of health care in the United States is substandard, taking into consideration the expense 

of health care.19-22 Clinical practice does not always reflect research findings and clinical 

guidelines.23-26 In many countries, including the US, 30-40% of patients do not receive evidence-

based interventions, and around 25% of patients receive unnecessary care.27,28 Research findings 
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demonstrate a lack in providing recommended preventive acute or chronic care to 

Americans.2,19,20,29 Quality improvement initiatives were developed to address the poor use of 

evidence and to establish standardized care.30 

1.2 PURPOSE OF THE STUDY 

The impetus of this project was to determine if quality care was being provided to persons with 

balance and vestibular disorders via compliance with the minimum data set (MDS) and 

adherence to the clinical decision rules (CDRs). This quality improvement project aimed at 

assuring that physical therapists at UPMC Centers for Rehab Services (CRS) who were treating 

patients presenting with balance and vestibular disorders were providing their clients with 

standardized care. This project should have led to improvements in care provided for persons 

with balance and vestibular disorders in the UPMC Centers for Rehab Services system. 

1.3 DEFINITION OF TERMS 

The definition of terms used in our project was important to assure shared meaning of these 

terms. These terms are: 

Minimum data set (MDS): a set of key indicators that are mandatory to be completed regularly in 

order to obtain enough health related information about patients, and to be able to set a plan of 

care. They allow for comparison across individual clinicians and settings as well.31 
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Clinical decision rules (CDRs): are clinical decision rules that are based on evidence based 

practice and consensus among experts.32 

Compliance: the completion of the minimal data set (MDS) included on the agreed-upon balance 

and vestibular evaluation form. 

Adherence: the consistency by which clinicians use clinical decision rules (CDRs) during the 

initial evaluation. 

Compliance reminders: emails that are sent to the physical therapists to remind them about 

missing items in the MDS. 

Adherence reminders: emails that are sent to the physical therapists to remind them that they are 

not adherent to the CDRs. 
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2.0  BACKGROUND AND SIGNIFICANCE 

 

2.1 EPIDEMIOLOGY OF BALANCE AND VESTIBULAR DISORDERS 

Between 2001 and 2004, approximately 70 million Americans older than 40 years have 

complained of vestibular dysfunction.33 Vestibular disorders may affect the person’s activities of 

daily living (ADL) and health related quality of life (QOL).34-36 In a survey, around 80% of 

persons with vertigo reported that their daily activities were interrupted, affected sick leave, 

and/or they had to seek medical consultation.37 Based on their own rating, persons with 

vestibular disorders consider themselves as functionally disabled in many skills that impact their 

QOL.38,39 

Balance and vestibular disorders signs and symptoms include dizziness, vertigo, nausea 

and vomiting, imbalance, increased sway, nystagmus, oscillopsia or blurry vision, and disturbed 

spatial information processing.40-50 Dizziness and vertigo are the most common symptoms 

reported globally.33,51-53 In a general population, between 20% to 35% of people reported 

dizziness to their physician or via a national health survey.37,51 Complaints of dizziness are 

common in the US and represent more than 8 million medical visits per year.54 Dizziness is a 

general term used to describe symptoms such as light-headedness, off-balance, and vertigo.54 
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However, 54% of persons with dizziness presenting in primary care are classified as having 

vertigo.55 Vertigo is the spinning sensation usually described by persons with an inner ear 

problem.54,55 Persons with vestibular disorders may present with imbalance in walking, standing, 

and sitting.56 

Nausea and vomiting are among the most reported complaints by individuals with 

vestibular dysfunction.42 In a recent study, the most common diagnosis for chronic nausea and 

vomiting among 248 subjects was a chronic vestibular disorder (26%); the investigators 

recommended the consideration of vestibular disorders diagnosis for persons with chronic nausea 

and/or vomiting.43  In a study by Mendal and others57, nausea was found to be the second most-

frequent symptom, following dizziness, described by persons with vestibular disorders. 

Individuals with vestibular dysfunction also frequently complain of headache.57 Neuhauser and 

colleagues37 found that 80% of 243 subjects who were diagnosed with vestibular vertigo reported 

a history of headache. 

Blurred vision is also among the main complaints of persons with vestibular 

impairment.58 Blurry vision is a term used by individuals with vestibular disorders to describe 

oscillopsia.59,60 Oscillopsia is the word used to describe the illusionary movement of visual 

field.59 In one study, 33% of persons with bilateral vestibular disorders reported oscillopsia; it 

was the second most frequently reported symptom after unsteadiness.61 

Space and motion discomfort is characterized by increased distress in some situations that 

demand visual, somatosensory, and vestibular information to maintain balance.40,41,62,63 These 

situations include supermarkets, moving crowds, heights, vibrating or moving floors, spiral 

stairs, and repetitive geometric wall patterns.40,41,62,63 Persons with balance and vestibular 

disorders may experience space and motion discomfort when they are in such situations.40,41,62,63 
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2.2 BALANCE AND VESTIBULAR REHABILITATION 

Vestibular rehabilitation was found to be effective in reducing the level of functional disability 

and improving ADL in persons with vestibular disorders.39,64-67 A recent study revealed possible 

structural cortical plasticity in persons with a peripheral vestibulo-cochlear lesion who 

underwent surgical intervention to remove an acoustic neuroma.68 Subjects in this study received 

physical therapy intervention in the hospital after the surgery.68 These findings suggest vestibular 

functional improvement as a result of central vestibular compensation.68 

The effectiveness of vestibular rehabilitation appears to depend on the type of vestibular 

disorder.66 Persons with benign paroxysmal positional vertigo (BPPV) can improve the most and 

may have complete recovery by canalith repositioning procedures as part of vestibular 

rehabilitation.66,69,70 In addition, persons with peripheral vestibular disorders can have good 

recovery in terms of balance and quality of life.64,67 However, persons with central vestibular 

disorders seldom have a complete recovery but can have significant functional improvement.66,71 

2.3 QUALITY IMPROVEMENT 

Variation in practice is one of the leading causes of healthcare inadequacies.72 Therefore, 

improvement in processes and outcome of care can be seen when that variation decreases.72 

Variations in practice can be remediated by the use of practice guidelines and quality 

improvement initiatives.72 To illustrate the variation of care we will summarize the findings of a 

cross-sectional survey on physical therapy for 588 persons with chronic back pain.73 Among 
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treatment that has support for effectiveness, exercise instruction was received the most (75%) 

and spinal manipulation (10%).73 However, among treatment that has ambiguous support for 

effectiveness, heat treatment was received 51%, cold pack 41%, and electrical stimulation 31%.73 

Moreover, among treatment that has no support of effectiveness in chronic low back pain 

conditions, a corset or brace was received 24%, and traction was received 7%.73 Quality 

improvement in healthcare aims at detecting the variation in care and targeting for a higher level 

of performance.74 Improvement in healthcare should not only focus on establishing evidence 

based intervention, but rather should focus on implementing these evidence-based practices into 

everyday care.75 Loeb76 stated that “Health care quality measurement is at least 250 years old. 

While the names and faces of the measures and those who measure it have changed, the intent of 

such measurement, i.e. obtaining data and information bearing clinical outcomes, has not 

changed over the years, and nor have the challenges associated with the measurement of quality 

in health care”. 

Quality itself is defined as doing the right thing in the right manner while measuring to 

ensure excellent results; it is an ongoing process that has no beginning or end.77 

Definitions of quality improvement: 

- Quality improvement is the continuous organized process of using quality quantifiers to 

detect problems and to apply plans to enhance the quality of care that is usually carried out 

within particular organizations i.e. a group practice or a hospital. It aims at detecting the reasons 

for differences in the procedures and outcomes of care and to attempt continuously for better 

performance.78 

- Quality improvement is a movement that aims to enhance the quality of care provided 

by specific organization.79,80 
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- Quality improvement is the collaborative and ongoing efforts to make the changes that 

will lead to better healthcare outcomes, better system performance, and better practitioner 

development.81 

Quality improvement can offer an opportunity for leadership among clinicians, hospitals, 

or organizational levels of healthcare; it can also benefit professional societies, licensure, and 

certification boards.4 Therefore, quality improvement programs should be a balance of regulatory 

requirements, teamwork, data management, and comparable indicators and results.82 

Quality improvement effects on healthcare outcomes are ambiguous.83 Under-use, 

overuse, and misuse of care are the quality issues that could harm patients in the American 

healthcare system and probably worldwide.29 Many studies have shown advantages from the use 

of quality improvement approaches in many aspects of healthcare including: enhancing clinical 

outcomes8-10, improving patient and provider satisfaction11,12, and decreasing process variation 

and healthcare costs.13 However, many studies reported that the quality improvement initiatives 

in the US and Canada were either not successful18, report 20-40% success17, or report less than 

50% success.15 Moreover, other studies have reported that initiatives had low to moderate 

successful results in achieving their aims.14 In a quality improvement project for diabetes and 

coronary artery disease management, an electronic clinical decision support system was favored 

more than paper-based system by 71% of the participating physicians.84  Moreover, 76% of 

physicians participating in the project thought that the quality of care was enhanced by the 

electronic reminder system.84 

Quality Improvement Organizations (QIOs) are considered essential for Medicare’s 

external quality review activity.85 The QIOs began in the early 1970’s as Professional Standards 

Review Organizations (PSROs) and this name was changed in 1983 to Peer Review 
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Organizations (PROs), and their job was to improve the performance of individual providers via 

an inspection approach.85,86 Since this approach helped in improving care for few beneficiaries, 

the program was changed to target overall quality rather than individual quality and the name 

was changed to Quality Improvement Organizations in 2001.87 

Lynn and colleagues79 suggested that to achieve a successful quality improvement 

project, the quality improvement process should be part of the clinicians’ daily practice. 

Clinicians should be engaged in the quality improvement, which will help them to gain more 

insight into process of care to understand it and improve it.79 Quality improvement movements 

depend on collaborative efforts by practitioners, managers, and staff to enhance processes.79 

Management commitment, creating awareness of quality, training, employee participation, and 

quality criteria for performance evaluation are important factors that were found significantly 

correlated with successful quality improvement.88 

Clinicians can be frustrated by quality improvement processes because their performance 

is being measured while not all decision-making in healthcare is covered by high standard 

evidence.76 However, we hope that will not be the case in our project since the participating 

clinicians were involved in the process from the beginning, and they were also involved in the 

development of CDRs and developed consensus on these protocols. 

Implementation of quality improvement can be a challenge.89 The implementation issues 

may include organizational unwillingness to allow clinicians to develop care processes that meet 

their needs, the inability of clinicians to avoid personal biases and break traditional practice, and 

inability to receive administrative support.89 

Quality improvement projects should be continuous and ongoing; it is not the type of 

research that ends by the end of data collection. The importance of the continuity part of quality 
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improvement is best illustrated by this example: a multifaceted intervention to improve 

physicians’ management of depression in Sweden revealed decreases in suicide rates, however, 

after 3 years follow up, suicide rates returned to previous levels as physicians’ management of 

depression had deteriorated. Thus, the authors recommended follow up and continuous 

education.90,91 

Balance and vestibular testing and examination represent an important aspect of 

vestibular rehabilitation, as they help in determining the health status of individuals with 

vestibular disorders and assist in planning the appropriate interventions. These tests and 

measures can be the key indicators (or MDS) upon which quality can be measured. These 

indicators are commonly used for persons with balance and vestibular disorders, and they include 

description of falls, dizziness description, functional eye-head movements coordination testing, 

positional testing, and balance examination. 

Description of falls: 

Vestibular dysfunction impacts postural control and balance, which may lead to falls.35,92-

94 One or more falls are reported in 20-30% of older adults; these falls may cause serious injuries 

such as hip fracture, dislocation, and head trauma which can lead to disabilities.95-98 Hence, older 

adults who fall frequently may feel less confident in their activities of daily living and be more 

dependent on others.96,99 Therefore, older adults who have a history of one or more falls in the 

past 12 months should be evaluated for gait and balance.100 Our group of experts agreed that 

when a patient reports one or more falls in the last six months he/she should be provided with 

education about falls as a clinical decision rule. 

Dizziness description: 
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Specific movements can induce dizziness such as getting out of bed, rolling, and quick 

head movements; these items are among other items in the Dizziness Handicap Inventory 

(DHI).101 When dizziness gets worse during these activities, it is highly suspected that the patient 

has BPPV, and a Dix-Hallpike maneuver should be performed to confirm this diagnosis.102  

The Dizziness Handicap Inventory (DHI) is a 25-item questionnaire that was developed 

by Jacobson and Newman.101 The DHI was designed to record the handicapping effect of 

dizziness in persons with vestibular disorders.101 It is scored from 0 to 100, and lower scores 

indicate less handicap.101 Whitney and others103 determined the cut off scores as 0 - 30 (mild 

handicap), 31- 60 (moderate handicap), and 61 - 100 (severe handicap). 

 The DHI has good internal consistency for the total score (Į = 0.89), satisfactory internal 

consistency for subscales (Į = 0.72 - 0.85), and high test-retest reliability (Į = 0.97).101 

Discriminant validity was also established with a good relationship between DHI scores and the 

number of dizziness episodes.92 The DHI was also found to be responsive to change as a measure 

in vestibular rehabilitation.104 Our group of experts did not establish a clinical decision rule for 

DHI total or its sub-items. 

Functional eye-head movements coordination testing: 

The head thrust (HTT) is a test that was originally developed by Halmagyi and Curthoys 

to test the horizontal vestibulo-ocular reflex (VOR).105 The VOR stabilizes gaze when the head is 

moving. Thus, a dysfunction of the VOR will cause visual disturbance.106,107 The function of the 

VOR is to induce eye movements in equal magnitude and opposite direction of head movements 

in order to stabilize gaze.47,107 The HTT assesses the function of the horizontal VOR in 

maintaining gaze during head movements by asking patients to fix their gaze on a target while 
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applying an unexpected head thrust by the examiner.108 When eye movement derived by the 

VOR is insufficient, catch-up saccades present toward the unaffected side to re-fixate the eyes.105 

The sensitivity of the HTT is between 63-72% and the specificity is between 64-78%, 

which were calculated by scleral search coil head impulse testing as a gold standard and has 

100% of sensitivity and specificity in detecting the catch-up saccades with the scleral coil.109 

When the HTT is positive, physical therapists should provide gaze stability exercises and gait 

exercises (including static and dynamic balance exercises).107,110 In line with evidence, our group 

of experts agreed that gaze stabilization exercises should be provided when HTT is positive as a 

clinical decision rule. 

Another ocular motor test is dynamic visual acuity (DVA) that examines the function of 

the VOR during head movement (horizontally or vertically) by comparing visual acuity during 

head movement to head still (static) and indicating the amount of visual acuity loss when the 

head is being moved.111-113 To perform the DVA test, the examiner takes note of the last line that 

the patient could correctly read on a Snellen chart while the patient’s head is still, and compares 

it to what the patient could read correctly on the same chart when the patient’s head is moving.114 

For vestibular impairment prediction, the sensitivity of horizontal DVA was 66.7% and 

specificity was 86.2%.115 For vertical DVA, sensitivity was found to be 42.4% and specificity 

was 93.8%.115 A drop of more than 2 lines is considered abnormal.111 When the DVA is positive, 

physical therapists should consider optimizing gaze stability via adaptation and eye-head to 

target exercises.116,117 Also, gait and balance training should be part of the treatment.116,117 Our 

group of experts agreed that gaze stabilization exercises should be provided when the patient 

loses more than 2 lines on the DVA as a clinical decision rule 
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The convergence test is among the ocular motor tests, and it examines the ability of the 

eyes to perform binocular vision to see a single image when focusing on a near object.118,119 

Therefore, convergence insufficiency is the outward deviation of eyeball that is greater for near 

than far when persons look at a close object that can result in double vision.118,119 In this test the 

examiner moves a target toward the patients’ nose and records the distance from above the nose 

(between the eyes) to the target.120,121 That distance is called the nearpoint of convergence 

(NPC), and it is recorded when patients report double vision of the target or when the examiner 

notices a deviation of eyeballs.120,121 The cutoff value for NPC break is > 6 cm for children,120 

and > 5 cm for adults.121 When convergence insufficiency presents, convergence exercises are 

indicated. These exercises may include pencil push-ups,122 optometric vision therapy,123 or 

office-based vision therapy/ orthoptics (the latter has been shown to be more effective than 

pencil push-ups alone).124 Our group of experts agreed that when there is difficulty with 

vergence at 6 cm from the bridge of the patient’s nose, the physical therapist should provide 

convergence exercises as a clinical decision rule. 

Vestibulo-ocular reflex (VOR) cancellation is one of the ocular motor tests as well. VOR 

cancellation occurs when the head is rotated passively while the subject fixates his/her eyes on a 

target that is also rotating with them at the same speed and direction.125,126 The VOR normally 

stabilizes the eyes when the head is moving. However, when the target is also rotating the VOR 

is cancelled and the eyes follow that target.126 VOR cancellation examines the capability of 

central nervous system to cancel a vestibular command.127 The test is considered positive when 

there is saccadic pursuit movement in combination with a breakthrough nystagmus.127 A positive 

VOR cancellation test may indicate a central nervous system involvement. When the VOR 

cancellation test is positive and the central nervous system involvement is ruled-out, VOR 
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cancellation exercises should be provided.127-129 Our group of experts agreed that when 

symptoms increase with VOR cancellation (while central vestibular dysfunction is ruled-out) the 

physical therapist should provide optokinetic training as a clinical decision rule. 

Positional testing: 

An important part of balance and vestibular testing is positional testing in which the head 

is moved into specific positions related to gravity to evoke benign paroxysmal positional vertigo 

(BPPV) symptoms.130 BPPV is characterized by brief episodes of vertigo that occur with changes 

of head orientation.130 These episodes usually last less than 1 minute and alter the patient’s life as 

he/she often avoids these provocative head movements in order to minimize symptoms.131 

Positional testing was developed to evaluate the presence of BPPV, and among these positional 

tests are the Dix-Hallpike132 test and the roll test.133 

The Dix-Hallpike test is used to isolate the involvement of the posterior semicircular 

canal (PSCC), and the anterior (superior) semicircular canal (ASCC) via the characteristics of the 

nystagmus.134 An up-beating torsional nystagmus indicates an involvement in the PSCC in the 

lowermost ear, however, a down-beating torsional nystagmus indicates a ASCC involvement in 

the uppermost ear.131,134 When the lateral (horizontal) semicircular canal (LSCC) is involved, the 

Dix-Hallpike test should be negative and roll test should be performed.131 The Dix-Hallpike has 

a sensitivity of 82% and specificity of 71% for predicting BPPV.135 The inter-rater reliability of 

agreement in interpretation of The Dix-Hallpike test is 43 – 81%.136 

The canalith repositioning procedure (CRP)137 and the liberatory (also called Semont) 

maneuver138 are the most effective interventions for PSCC-BPPV.131,139 The CRP is also 

recommended for ASCC-BPPV.140 Moreover, the forced positional procedure141, prolonged 

forced maneuver142, deep Dix-Hallpike maneuver134, and head hanging maneuver143 were 
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recommended for ASCC-BPPV. In line with evidence, our group of experts agreed that CRP 

should be provided when the Dix-Hallpick is positive as a clinical decision rule. 

Another positional test is the roll test, which is used to diagnose the involvement of the 

LSCC.131,144 A positive roll test will provoke either a geotropic or ageotropic nystagmus.131,144 

The geotropic type is more common and indicates that displaced otoconia are floating in the SCC 

(canalolithiasis), and it produces a strong horizontal nystagmus toward the lowermost ear 

(affected ear).131,139,144 Also, the direction of horizontal beating changes when the patient is 

rolled to the other side to produce less strong nystagmus toward the lowermost ear (unaffected 

ear).131,144 However, the less common type of LSCC involvement is the ageotropic in which the 

displaced otoconia are attached to the cupula (cupulolithiasis), and it produces a horizontal 

nystagmus beating toward the uppermost ear whether the patient is rolled to either his/her right 

or left sides.131,139,144 In the ageotropic type, nystagmus is stronger when the affected ear is the 

uppermost.144  

The roll maneuver145 (also called Lempert maneuver and barbecue roll maneuver) is 

commonly used for the LSCC-BPPV.131 Other maneuvers such as forced prolonged maneuver141, 

Gufoni maneuver146, Appiani maneuver147, and Vannucchi-Asprella liberatory maneuver148 are 

used for LSCC-BPPV as well.131 Our group of experts agreed that with a positive roll test the 

physical therapist should provide a log roll maneuver as a clinical decision rule. 

Balance examination: 

The Clinical Test of Sensory Interaction and Balance (CTSIB) was developed originally 

by Shumway-Cook and Horak149; it consists of 6 conditions: (1) standing on a solid surface with 

eyes open, (2) standing on a solid surface with eyes closed, (3) standing on a solid surface with a 

visual conflict, (4) standing on a foam surface with eyes open, (5) standing on a foam surface 
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with eyes closed and (6) standing on a foam surface with visual conflict. Since no difference was 

found between conditions 2 and 3 and conditions 5 and 6150, the CTSIB was modified to include 

4 conditions.151 The four conditions of the Modified Clinical Test of Sensory Interaction and 

Balance (mCTSIB) are: (1) standing on a solid surface with eyes open, (2) standing on a solid 

surface with eyes closed, (3) standing on a foam surface with eyes open, (4) standing on a foam 

surface with eyes closed.151 Test-retest reliability of the CTSIB total score was r = 0.75 in older 

adults.152 Also, test-retest and inter-rater reliability were r = 0.99 in normal young individuals.150 

Abnormal sway while standing with eyes closed on foam (mCTSIB) has 90% sensitivity and 

95% specificity for identifying abnormalities in sway during standing with eyes closed on a 

sway-referenced platform during the Sensory Organization Test in persons with vestibular 

disorders.153 

With a maximum of three trials for the original CTSIB, each condition is performed for 

30 sec. The time should be stopped when: (a) the patient deviates from initial position, (b) the 

patient opens his/her eyes in the closed eyes condition, (c) the patient takes a step, or (d) the 

patient loses his/her balance or requires assistance to prevent falling.149 The time is scored for 

each condition; if more than one trial is performed the average time of the trials for that 

condition is scored.149 Trials should be performed until 30 sec is achieved or the three trials limit 

is reached.149 

Vereeck and colleagues154 tested 318 normal subjects between 30 – 80 years of age and 

they found that all subjects performed successfully in three conditions of this balance test: solid 

surface/eyes open, solid surface/eyes closed, and foam surface/eyes open. However, in the fourth 

condition (foam surface/eyes closed), all subjects performed normally except subjects in their 

70’s who had a mean score of 26 sec, and those in their 80’s who had a mean score of 19.8 sec. 
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Cohen and colleagues150 tested 39 subjects (22 normal / 17 vestibular disorders). Normal 

subjects were divided based on their age into three groups: group 1 (25 - 44 years), group 2 (45 - 

64 years), and group 3 (65 - 84 years). The fourth group included persons with vestibular 

disorders (including BPPV, vestibular neuronitis, cupulolithiasis, labyrinthitis, and idiopathic 

vestibular disorders) and the age range was 30 to 87 years. All normal subjects performed solid 

surface/eyes open, solid surface/eyes closed, and foam surface/eyes open for the entire 30 sec 

trial. However, normal subjects between the ages of 60 - 84 had a mean score of 16 sec on foam 

surface/eyes closed. Normal subjects up to the age of 64 were able to stand in foam surface/eyes 

closed for the entire 30 sec. Subjects with vestibular disorders stood for 30 sec on solid 

surface/eyes open and solid surface/eyes closed, but had a mean of 26.5 sec on foam surface/eyes 

open and 14 sec on foam surface/eyes closed.150 

Balance training can be effective for patients who fail to complete any condition of 

mCTSIB.155 In line with evidence, our group of experts agreed that when the patient fails to 

complete any of the mCTSIB conditions, the physical therapist should provide exercises for 

static and/or dynamic standing balance as a clinical decision rule. The criteria they agreed-upon 

for mCTSIB failure are: stood <30 s after 3 attempts, movement of the hands, eye opening when 

their eyes are to be closed, or movement of the feet on the floor. 

Another measure that is used to assess a patient’s balance is the Activities-specific 

Balance Confidence scale (ABC). The ABC is a 16-item that quantifies the difficulty of activities 

and fear of falling in elderly individuals.156 Items inquire about activities with different levels of 

difficulty, ranging from walking around the house to walking on icy sidewalks.156 It is scored 

from 0% to 100%, and higher scores indicate a more confident individual.156  



  18 

The sensitivity and specificity of the ABC for falls prediction in community-dwelling 

older adults were 84% and 87%, respectively.157 It has a high internal consistency (Į = 0.96) and 

good test-retest reliability r = 0.92, p < 0.001.156 The ABC has a strong correlation with the DHI 

r = 0.64, p < 0.001, which indicates convergent validity.158 The cutoff score for the ABC is 

67%.157 Any patient who obtains a score lower than 67% should be considered at risk of falling 

and balance and gait training should be provided.157 Our group of experts’ clinical decision rule 

for the ABC was to provide education for patients with an ABC score less than 70% to increase 

their confidence. They decided to choose 70% instead of 67% to be more conservative. 

Gait speed is also one of the balance indicators. Gait speed is a measure that can be used 

to detect falls risk, disability, functional changes, and overall health status.159,160 Gait speed is 

timed while patients walk at their preferred speed over 8 feet, 4 m, 5 m, 6 m, or 10 m.160-162 The 

4 m distance for gait speed was deemed appropriate to be used by our group of experts. Gait 

speed has excellent test-retest reliability in healthy adults r = 0.90163, healthy older adults r = 

0.96164 and in persons with vestibular disorders r = 0.85.165 The cut-point for gait speed is 0.8 

m/s for adverse health outcomes.166,167 Scores lower than 0.8 m/s indicate poor health and 

function, therefore, balance and gait exercises should be provided when gait speed is lower than 

0.8 m/s.166,167 In line with evidence, our group of experts’ clinical decision rules for gait speed 

was to provide an ambulation program for patients with gait speed less than 0.8 m/s. 

The 4-item Dynamic Gait Index (DGI 4-Item) is also part of the balance examination. 

Marchetti and Whitney168 developed the DGI-4 outcome measure, which assesses walking 

performance in persons with vestibular disorders. It is a short form of the original 8-item 

Dynamic Gait Index (DGI).169 The DGI 4-Item has a sensitivity of 85% and specificity of 74% 

for identifying individuals with balance and vestibular disorders.168  It also demonstrates high 
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internal consistency (Į = 0.89) and discriminant validity r = 0.87.168 A cut-SRLQW�RI�����LQGLFDWHV�

risk of falling and balance and gait training should be provided.168 Our group of experts’ clinical 

decision rules for DGI-4 was to provide an ambulation program for patients with a DGI-4 less 

than 12. 

The last indicator is the 15-point Likert Global Rating of Change (GRC).170 Jaeschke and 

colleagues developed the GRC outcome measure.170  The global rating of change measures the 

change in health status from the patient’s perspective.170-172 The GRC outcome measure can help 

in determining if patients think that they are improving.170-172  The GRC can assist in determining 

the validity of the clinical decision rules (CDRs). 

The GRC is a 15-point score ranging from +7 (a very great deal better) to -7 (a very great 

deal worse), with 0 indicating no change.170 Further, it was divided into three ranks of change: 

+1 to +3 or -1 to -3 which indicate small change, +4 and +5 or -4 and -5 which indicate moderate 

change, and finally, +6 and +7 or -6 and -7 which indicate large change.170 

 

2.4 CLINICAL DECISION RULES IMPLEMENTATION 

Clinical guidelines or clinical protocols are defined as a set of rules that affects clinical decision-

making and provision of care.173 One of the shortcomings of quality in healthcare is variation in 

practice.72 Therefore, quality of healthcare can be improved through minimizing such variation.72 

Standardized care can reduce variation in care, reduce medical error, and improve quality of 

healthcare.4,174 Thus, practice guidelines and decision rules are important remedies to solve the 

issue of variation in practice.72 
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Adherence to clinical guidelines and standards of care is associated with improvements in 

quality of care and clinical outcomes.175 However, implementation of clinical decision rules can 

be the most important barrier to adherence of standardized care.89 Clinical decision rules 

implementation issues may include lack of organizational and administrative support and 

clinicians’ resistance to change their practice.89 

Protocols and guidelines created by government agencies and medical societies are not 

utilized as much as when clinicians themselves create them.89 Therefore, locally developed 

guidelines (developing standards by local consensus) can be more effective than national 

guidelines, mainly when combined with management monitoring such as reminders.176 

2.5 CHANGING CLINICAL BEHAVIOR 

Clinical behavior plays an important role in the quality of healthcare and in the process of 

guidelines implementation.177,178 Behavioral intervention strategies that target clinical behavior 

include educational material dissemination179, continuing medical education180, and reminders.181 

In a systematic review, Grimshaw et al23 reported poor implementation effectiveness of 

behavioral intervention strategies. Moreover, interventions to change clinical performance have 

shown varied and limited effectiveness; however, combining intervention strategies or 

multifaceted interventions are more promising.25,177 

Failure to change clinical behavior can decrease the chances of improvement in quality of 

healthcare.182 Adherence to guidelines was found to be poor as a result of predominance of 

opinion over evidence.76 When clinicians are not able to avoid personal biases and break 

traditional practice, they can disturb the processes of implementing standardized care and quality 
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improvement.89 Therefore, knowing and planning for barriers to change may play an important 

role in the success of the attempt to change clinical behavior.183,184 Also, preparing clinicians for 

change and involving them in the process of change can be helpful.89,176 Administrative and 

organizational roles in implementing clinical behavioral change is as important as the clinicians 

role.185 Administrative and organizational roles may include policy development, incentives, and 

monitoring of the quality improvement program.89,176 

2.5.1 EDUCATIONAL TRAINING 

Cantillon and Jones186 summarized the findings of systematic reviews on continuing medical 

education and stated that continuing medical education (CME) could improve clinical 

performance and patient outcomes. They also found that clinicians’ behavior could be changed 

through education that is related to clinical practice or the work they perform. Moreover, CME 

can show greater effectiveness when reminders accompany it. Other studies reported that a 

combination of interventions such as educational training and reminders is more effective in 

changing clinical behavior than individual intervention.23,187 

Educational training was more effective than educational materials dissemination in 

terms of changing clinical behavior.23,187 Also, no difference was found in the effectiveness 

between educational training and reminders in changing clinical behavior.187 However, the 

increase in number of intervention strategies applied has no statistically significant association 

with changing clinical behavior.23 Thus, we think that the type of intervention strategies that are 

combined can make the difference not only the number of strategies. 

In continuing medical education (CME), e-learning is as effective as traditional learning 

in conveying knowledge to health care providers.188-193 The use of internet-based CME has 
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increased from 2.7% to approximately 31% between 2001 and 2004.194,195 E-learning is more 

convenient and cost-effective than traditional learning.190,191,196 It is also associated with higher 

satisfaction and learning efficiency.192,193,197 Marshall et al196 suggested that e-learning is a 

promising method in changing clinical behavior, with  64.7% of participants in an on-line case 

discussion reporting a change in their clinical behavior compared to 30.8% in the control group 

who received no intervention. These reports were based on pre-post intervention surveys. Other 

studies have shown the same role of the e-learning method in changing clinical behavior.190,198 

Carrying evidence-based medicine into practice may face many barriers at different 

levels.199 Knowledge deficiency is an individual level barrier and a non-supporting system can be 

a problem at an organizational level.199 The management support (CRS in our project) can play a 

very important role in changing the clinical behavior of therapists.200  In this project we worked 

at both levels by educating the therapists and through the support we have from the CRS 

management team. 

The main goal of this study was to implement and evaluate a quality improvement 

initiative for service provided to persons with balance and vestibular disorders in outpatient 

clinics that belong to the Centers for Rehab Services (CRS) in southwestern Pennsylvania. The 

process of fostering a quality improvement project involved development and implementation of 

clinical decision rules (CDRs) that established standardized care. 
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2.6 SPECIFIC AIMS AND HYPOTHESES 

There were six aims to this project: 

1. To develop and implement the CRS balance and vestibular evaluation form that included the

minimal data set (MDS).

2. To develop and implement the CDRs.

3. To develop and deliver a continuing education program for balance and vestibular

rehabilitation aimed at increasing the knowledge of participating physical therapists about the

MDS and CDRs.

4. To measure the level of compliance to the MDS by participating physical therapists.

5. To measure the level of adherence to the CDRs during the initial evaluation by participating

physical therapists before and after the behavioral interventions of interest are provided.

6. To compare the change in the score of outcome measures (ABC and DHI) and patient’s

perceived improvement based on the GRC between persons with balance and vestibular

disorders who were treated according to the CDRs and those who were not.

Primary hypothesis: 

We hypothesized that physical therapists in the intervention group, who received the educational 

training and adherence reminders earlier than the wait-listed group, would show greater 

adherence to the CDRs than the wait-listed group who would have not yet received the 

educational training and adherence reminders. Also, we hypothesized that physical therapists in 

the wait-listed group would show an increase in adherence to the CDRs when they were 

provided with the educational training and adherence reminders. 
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Secondary hypothesis:  

We hypothesized that persons with balance and vestibular disorders who were treated according 

to the CDRs would benefit from balance and vestibular rehabilitation more than those who were 

not treated according to the CDRs, and that would be reflected in their scores on the ABC and 

DHI, and the GRC by comparing adherent and non-adherent clinical evaluation forms. 
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3.0  METHODS 

This project was an attempt to standardize and improve care, and to determine if physical 

therapists were providing care to their patients with balance and vestibular disorders according to 

the best available evidence. In this quality improvement project, physical therapists completed a 

custom-made balance and vestibular form and a concussion form that had a number of indicators 

(minimal data set-MDS) including various tests and measures, and physical therapists decided 

during initial evaluation on a plan of care based on pre-determined clinical decision rules 

(CDRs). Also, physical therapists were to record three clinical outcome measures every two 

weeks. 

Behavioral intervention strategies used in this study included:  

- Dissemination of educational materials that covered the MDS and the CDRs. 

- Sending reminders to any physical therapist who omitted an item on the MDS 

and/or did not adhere to the CDRs. 

- Providing educational training that covered theoretical and practical aspects of the 

MDS and the CDRs. 

We investigated how these intervention strategies changed clinical behavior of participating 

physical therapists. 
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3.1 DEVELOPMENT OF BALANCE AND VESTIBULAR FORM 

Documentation in medical records enables agencies in healthcare to evaluate providers’ 

performance.78 In order to facilitate effective healthcare, documentation has to be consistent and 

complete.201 Loeb76 stated that “the central issue in performance measurement remains the 

absence of agreement with respect to what should be measured. Not everything in healthcare can 

or should be measured”. 

The current balance and vestibular form was developed initially by faculty members and 

graduate students from the physical therapy department within School of Health and 

Rehabilitation Sciences- University of Pittsburgh (Drs. Whitney and Sparto) and experienced 

physical therapists working at the Eye and Ear Institute- CRS (Drs. Mucha and Hinderliter). The 

balance and vestibular form went through over 10 modifications by physical therapists who 

attend the monthly CRS Neurological/ Vestibular physical therapist meeting at the Center for 

Sports Medicine clinic-South Side until the MDS was agreed upon by the CRS team. The final 

version of the evaluation form was reached after 13 months and it contained information about 

the patient’s diagnosis, history, examination, and interventions. 

The MDS in this project included (Appendix A shows the balance and vestibular 

evaluation form that included the MDS as bold, italicized, and boxed items): 

- ICD-9 codes 

- Current medical history 

- Date of onset 

- History of falls 

- Symptoms of dizziness when: getting out of bed, moving head quickly, and rolling 

- Dizziness Handicap Inventory (DHI) 
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- Head thrust test (HTT) 

- Dynamic visual acuity (DVA) 

- VOR cancellation 

- Convergence 

- Positional testing 

- Balance test (mCTSIB) 

- Gait speed 

- Activity-specific balance confidence scale (ABC) 

- 4-item dynamic gait index (DGI 4-item) 

- Plan of care: it was a list of generic treatment categories202 that served as intervention 

choices based on the examination findings and included: 

x Eye-head activities

x Balance activities

x Ambulation program

x Canalith repositioning

x Optokinetic training

x Patient education

The concussion form was a similar version of the balance and vestibular form but 

dedicated for persons with concussion. (Appendix B shows the concussion evaluation form that 

included the MDS as bold, italicized, and boxed items) 

The participating physical therapists developed a list of contraindications for almost each 

clinical test in the forms. These contraindications were deemed appropriate for not performing 

the test (Appendix C). 
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3.2 DEVELOPMENT OF CLINICAL DECISION RULES 

For every examination within the evaluation form that was part of the MDS, a care decision was 

provided. Such decisions led either to additional examinations or to a specific treatment option. 

These decisions were based on the best available evidence and/or experienced physical therapist 

consensus. The development of the CDRs took place over more than 6 meetings involving 

physical therapists who attend the monthly CRS Neurological/ Vestibular physical therapist 

meeting at the Center for Sports Medicine clinic-South Side. (Appendix D) 

3.3 INTERVENTIONS STRATEGIES 

Three behavioral intervention strategies were used with the aim to improve the clinical behavior 

of physical therapists. These intervention strategies were: 

1- Educational material dissemination: the educational material included information 

about how to complete the evaluation form, how to perform examinations on the form, 

contraindications to perform the examinations, how to choose the appropriate intervention based 

on the CDRs, and how to administer the ABC, DHI and the GRC. The educational material was 

disseminated via email. 

2- Monitoring of compliance to MDS and adherence to CDRs: reminder emails were sent 

to any physical therapist who omitted one or more items in the MDS and/or when he/she had not 
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chosen the pre-determined treatment interventions, in the initial evaluation form, based on the 

group’s established CDRs.   Compliance referred to completing of all MDS items included in the 

evaluation form. Physical therapists were considered non-compliant when they have faxed an 

evaluation form with incomplete MDS. Adherence referred to consistency in implementation of 

the CDRs. Physical therapists were considered non-adherent if they did not follow the CDRs. 

Therefore, there were two types of reminders: 

- Compliance reminders: reminders regarding the MDS. 

- Adherence reminders: reminders regarding the CDRs. 

- Physical therapists were given 2 weeks from sending the compliance reminders to 

complete the missing MDS or justify their decision 

- Also, they were given 2 weeks from sending the adherence reminders to correct 

the treatment choice according to the CDRs or justify their decision 

3- Educational training: this educational program was part of a quality improvement project (QI) 

that aimed at assuring that physical therapists who were working at the Centers for Rehab 

Services (CRS) and treated people with balance and vestibular disorders were providing their 

clients with the best available care. 

Therapists often do not receive specialized training to practice vestibular rehabilitation 

(VR) and no certificate is mandatory for them to practice.203 In an international survey, one of 

the recommendations was to develop standards for education in VR.204 

The educational training consisted of 1.5 hours of training that covered theoretical 

information were videotaped and uploaded on the University of Pittsburgh’s Mediasite for the 

physical therapists to review. A short test (Appendix E) was completed online upon completion 

of the educational training. In addition, a practical session (approximately 30 minutes) followed 
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by a competency test that covered the practical portion of the educational training was carried 

out in local clinical sites; the time and venue were announced in advance to participating 

physical therapists. Physical therapists received a continuing education certificate for 3 general 

CEUs upon successful completion of the theoretical and competency testing/ training that could 

be used for their CEU requirement for licensure renewal in Pennsylvania. 

Evidence has shown that e-learning in continuing medical education is as effective as 

traditional learning188-193, and thus we chose to use the media-site because the educational 

training would be the same for all the groups, and thus no difference in adherence could be 

claimed against differences in the educational program. Also, the Mediasite platform offered a 

more convenient method of education for everyone, taking into consideration that the 

participating physical therapists were busy and it could be difficult to find a time that fit 

everyone’s schedule. 

Outcome measures: 

Clinical outcome measures are benchmarks that help in determining if the level of healthcare 

quality is accepted.78 Three self-report outcome measures were used in this study as benchmarks 

of patients’ improvement. Clients completed these measures every two weeks, and the most 

recent were used for analysis of patient self-perceived improvement. These three outcome 

measures included: 

- The Activities-specific Balance Confidence scale (ABC) 

- The Dizziness Handicap Inventory (DHI) 

- A 15-point Likert Global Rating of Change (GRC)  
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3.4 RESEARCH DESIGN 

Traditional designs, i.e. randomized controlled trials (RCT), depend on the ability to identify and 

measure confounders. However, little is known about confounders in quality improvement and 

how to measure these confounders.81,205-207 Despite the practical and ethical challenges to apply 

RCT, they are the gold standard design to determine the effect of quality improvement projects 

as well as other areas.30,208,209 

In this project, physical therapists who work at the CRS and treat people with balance and 

vestibular disorders were divided into two groups: an intervention group and a wait-listed 

(control) group.  

Timeframe of the project: 

At the beginning of the project, educational materials were disseminated to both groups 

via email. All physical therapists completed the balance and vestibular form or the concussion 

form for each patient at the initial visit; however, therapists were given the chance to complete 

the form in two visits if they were not able to complete it in the first visit. All physical therapist 

have been using the forms since they were approved on 11/29/2012. The physical therapists 

would choose the pre-determined treatment interventions in the evaluation form according to the 

protocol (CDRs). The three outcome measures (ABC, DHI and GRC) were administered every 

two weeks for each patient, and in case of patients who do not continue their treatment the most 

recent completed outcome measures were considered. Both groups received educational material 

1 week before the start of the quality improvement project. Also, both groups received 

compliance reminders from the start of the study until the end of the study. 

A compliance rate of 90-95% was deemed appropriate by the investigators to start the 

behavioral intervention in order to assure that enough information in the evaluation form was 
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being collected. Thus, compliance rate were monitored during the first couple of weeks. Once a 

compliance rate of 90-95% or more was reached on week 7, the intervention group started to 

receive the other two intervention strategies that include educational training and adherence 

reminders. The wait-listed group did not receive any other interventions at this stage except the 

dissemination of educational materials and compliance reminders. Four weeks after the 

intervention group received the behavioral intervention, week 12, the wait-listed group received 

the educational training and adherence reminders. Data collection of this project continued for a 

total of 16 weeks. A 2-week washout period at the end of the project was dedicated to send 

reminders and collect data (forms and follow-ups) from the 16-week period. 

Physical therapists sample: 

The clinicians sample consisted of physical therapists who worked at the Centers for Rehab 

Services (CRS) and treated people with balance and vestibular disorders. 

Patients sample: 

The patients sample in this study was persons presenting to CRS outpatient Neurological 

specialty clinics with balance and/or vestibular complaints and assigned one or more of ICD-9 

codes (Appendix F) commonly used for persons with balance and vestibular disorders. 

Randomization: 

CRS facilities in southwestern Pennsylvania were divided into two groups. The two groups were 

counterbalanced in terms of the number of physical therapists in each facility, full-time vs. part-

time physical therapists, and physical therapists who worked at more than one facility. After the 

counterbalanced groups were determined, one group was assigned to the intervention group and 

the other group was assigned as the wait-listed group via randomization. 
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Randomization process: 

CRS facilities were clustered and matched into pairs of clusters according to the number 

of physical therapists in each facility, full-time vs. part-time physical therapists, and physical 

therapists who work at more than one facility. We chose to divide groups according to facilities 

instead of physical therapists to avoid cross-contamination of the behavioral interventions 

between physical therapists within each facility. A cluster contained one or more physical 

therapists that worked at one or more facilities. A matched pair of clusters was two clusters that 

had a similar number and characteristics of physical therapists. Therefore, cluster assignment 

provided an equal pair of clusters that were divided into two groups. 

The two clusters in each matched pair were divided into two groups using randomization. 

At the beginning these two groups were called group number 1 and group number 2. In each 

matched pair of clusters, we randomly selected one cluster and flipped a coin for group 

assignment. Once all matched pairs were divided into the two groups, a coin was flipped to 

assign group number 1 to be either the intervention or wait-listed group. Once group was 

assigned be the intervention group, therefore, group two was assigned to be the wait-listed group. 

All of the physical therapists were blinded to their group assignment and to the difference 

between the two groups in term of intervention strategies. 

3.5 DATA COLLECTION 

Two honest brokers (data managers) were trained and completed the required certification 

through UPMC to be able to receive the faxed balance and vestibular and concussion evaluation 

forms plus to de-identify and extract the data. The 1st data manager was trained before the 
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project started and the other data manager was trained in the middle of the project to take over 

because the 1st data manager changed positions. The use of an honest broker was essential to this 

project in order to protect patients’ information. 

The evaluation form and the outcome measures were sent to a secure fax at the Eye and 

Ear Institute-UPMC to which the data manager had dedicated access. The data manager 

reviewed the faxed forms and data was inputted to an Excel spreadsheet. 

Type of data collected: 

Demographic information for physical therapists participating in the study was collected. A 

questionnaire was sent to all physical therapists and included: age, gender, highest earned degree, 

specialty certifications, whether he/she has attended a course in vestibular rehabilitation at 

Emory University, years of total experience, years of balance and vestibular experience, and 

whether he/she worked full-time or part-time. Also, demographic information was extracted 

from the evaluation forms that included patients’ age, gender, and duration of symptoms. 

The average percentage of compliance amongst each group was collected and categorized 

as compliant or non-compliant. An evaluation form was compliant if all MDS items were 

completed. The compliance for each physical therapist was averaged by dividing the number of 

compliant forms by the number of total forms from that physical therapist. Thus, it was possible 

to obtain group weekly averages of compliance rates. 

The average percentage of adherence amongst each group was also collected. The 

adherence of physical therapists was dichotomized as adherent or non-adherent. Each evaluation 

forms was considered adherent if there was no “non-adherent” treatment category among the 6 

treatment categories per evaluation form. Then adherent evaluation forms were averaged for 
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each physical therapist at each time point (pre/ post-behavioral intervention) to obtain average 

adherence rate for each physical therapist at each time point. 

The type and count of reminders sent to each group were collected. The average score on 

outcome measures (ABC, DHI, and GRC) for adherent vs. non-adherent evaluation forms was 

calculated. 

A post-hoc survey (Appendix G) regarding the project was sent to the participating 

physical therapists via email at the end of the project. The survey aimed to explore the value of 

the quality improvement project for the participating physical therapists. A website 

(www.surveymonkey.com) was utilized to host the survey. 

The intention to treat (ITT) principle was used in this project when: the follow-up data 

were linked to the physical therapists who completed the initial evaluation and planed the care 

even if the follow-up sessions were provided by a different physical therapist, if there were 

missing outcome measures at discharge, the most recent outcome measure scores were 

considered as the discharge data, and if the physical therapist was assigned to a new clinic after 

the group assignment, he/she was analyzed within the original group assignment. 

3.6 STATISTICAL ANALYSES 

The baseline characteristics for physical therapists and persons with balance and vestibular 

disorders were compared using an independent t-test, Mann-Whitney U test, Chi square test, or 

Fisher’s exact test. 

A mixed-factor ANOVA was used to compare the average adherence between/within 

groups based on adherence rates before and after the behavioral intervention. Interactions 

http://www.surveymonkey.com/
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between the two groups after they had received the behavioral intervention were probed using 

results from the mixed-factor ANOVA. 

Baseline and discharge of the ABC and DHI for adherent and non-adherent evaluation 

forms were analyzed using mixed-factor ANOVA. The Mann-Whitney U test was used to 

compare the change in GRC score between adherent and non-adherent evaluation forms. The 

significant level of p-value in this project was 0.05. 
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4.0  A QUALITY IMPROVEMENT PROJECT IN BALANCE AND VESTIBULAR 

REHABILITATION: A RANDOMIZED CONTROLLED TRIAL  

4.1 INTRODUCTION 

In the United States (US), the level of adherence of healthcare to quality standards is unknown.1,2 

In many countries, including the US, about 40% of patients do not receive evidence-based 

interventions, and around 25% of patients receive unnecessary care.27,28 Under-use, overuse, and 

misuse of care are quality issues that could harm patients.29 

Variation in practice is one of the leading causes of healthcare inadequacies; therefore, 

improvement in processes and outcome of care can be seen when that variation decreases.72 

Variations in practice can be remediated by the use of practice guidelines and quality 

improvement initiatives.72 Improvement in healthcare should not focus only on establishing 

evidence-based intervention, but also should focus on implementing these evidence-based 

practices into everyday care.75 Quality improvement is defined as a continuous organized process 

of using quality quantifiers to detect problems and to apply plans to enhance the quality of care.78 

Many studies have shown advantages from the use of quality improvement approaches in many 

aspects of healthcare including: improving patient and provider satisfaction and decreasing 

process variation and healthcare costs.11-13 However, quality improvement effects on healthcare 

outcomes are ambiguous.83 Several studies reported that the quality improvement initiatives in 
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the US and Canada were either not successful or reported less than 50% success.14,15,18 Lynn and 

colleagues79 suggested that to achieve a successful quality improvement project, the quality 

improvement process should be part of the clinicians’ daily practice. Clinicians should be 

engaged in the quality improvement, which will help them to gain more insight into process of 

care, to understand it, and improve it.79  

Clinical practice does not always reflect research findings and clinical guidelines.23-26 

Clinical guidelines are defined as a set of rules that affects clinical decision-making and 

provision of care.173 Adherence to clinical guidelines is associated with improvements in quality 

of care.175 Locally developed guidelines can be more effective than national guidelines, mainly 

when combined with management monitoring such as reminders.176 Clinical behavior plays an 

important role in the quality of healthcare and in the process of guidelines implementation.177,178 

Failure to change clinical behavior can decrease the chances of improvement in quality of 

healthcare.182 Behavioral intervention strategies that target clinical behavior include educational 

material dissemination179, continuing medical education180, and reminders.181  

Between 2001 and 2004, approximately 70 million Americans older than 40 years 

complained of vestibular dysfunction.33 Vestibular disorders may affect a person’s activities of 

daily living (ADL) and health related quality of life (QOL).34-36 Balance and vestibular 

rehabilitation was found to be effective in reducing the level of functional disability and 

improving ADL in persons with balance and vestibular disorders.39,64-67 

The main goal of this study is to implement and evaluate a quality improvement initiative 

for service provided to persons with balance and vestibular disorders in outpatient clinics. We 

hypothesized that physical therapists in the intervention group, who received educational training 

and adherence reminders earlier than the wait-listed group, would show greater adherence to the 
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clinical decision rules (CDRs) than the wait-listed group. Also, we hypothesized that physical 

therapists in the wait-listed group would show a similar increase in adherence to the CDRs after 

they were provided with the educational training and adherence reminders, compared with the 

intervention group. 

4.2 METHODS 

In 2013, a 16-week quality improvement project was carried out among physical therapists 

employed by Centers for Rehab Services (CRS), which is a part of the University of Pittsburgh 

Medical Center (UPMC). The UPMC Quality Improvement subcommittee approved this project. 

The project involved development and implementation of a minimum data set (MDS) and CDRs 

that establish standardized care. 

The minimum data set: 

The MDS was developed through consensus from experienced physical therapists on the 

important indicators for balance and vestibular disorders. The MDS included: physical therapist 

selected codes of the International Classification of Diseases (ICD-9), current medical history, 

date of onset, history of falls, symptoms of dizziness when: 1) getting out of bed, 2) moving the 

head quickly, and 3) rolling in bed, the Dizziness Handicap Inventory101 (DHI), the head thrust 

test105 (HTT), dynamic visual acuity113 (DVA), provocation of symptoms during vestibulo-ocular 

reflex (VOR) cancellation,125 ocular convergence testing,119 positional testing,132,133 the Modified 

Clinical Test of Sensory Interaction and Balance (mCTSIB),149,151 gait speed,159 the Activity-

specific Balance Confidence (ABC) scale,156 the 4-item Dynamic Gait Index168,169 (DGI 4-item), 

and the plan of care. The plan of care was a list of generic treatment categories202 that served as 
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intervention choices based on the examination findings and included: eye-head coordination 

activities, balance activities, an ambulation program, the canalith repositioning maneuver, 

optokinetic training, and patient education. The MDS was highlighted in the forms used by 

physical therapists when they performed an initial evaluation for a client with dizziness or 

imbalance. 

The clinical decision rules: 

A clinical decision was provided for 10 out of the 16 items of the MDS. These decisions 

were based on the best available evidence and/or experienced physical therapist consensus 

(Table 1). Physical therapists were asked to check off the treatment interventions (plan of care) 

on the initial evaluation form according to the CDRs. 

Physical therapists sample: 

The sample consisted of physical therapists who were working at the Centers for Rehab 

Services (CRS) and who treated people with balance and vestibular disorders. 

Patients sample: 

The sample included patients who presented to the CRS outpatient neurological specialty 

clinics with balance and/or vestibular complaints. Patients were included based on one or more 

ICD-9 codes (i.e. 386.2, 781.2, 780.4, 850.9, and 386.11) commonly used for persons with 

balance and vestibular disorders. All participating physical therapists were asked to include 

consecutive patients with whom they utilized the balance and vestibular evaluation form or the 

concussion evaluation form. 

Randomization: 

CRS facilities were divided into two groups according to these characteristics: the 

number of physical therapists in each facility, number of full-time vs. part-time physical 
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therapists, and physical therapists who split their time at more than one facility. The groups were 

then randomly assigned to the intervention or wait-listed group. All of the physical therapists 

were blinded to their group assignment and to the difference between the two groups in term of 

the initiation of intervention strategies. 

Behavioral intervention strategies: 

Behavioral intervention strategies used in this quality improvement project included 

dissemination of educational material, reminders, and educational training. Figure 1 shows the 

steps followed in providing the behavioral interventions. Educational material was emailed to 

physical therapists one week before the starting date of the project. This educational material 

included information about the MDS and CDRs. After the starting date, physical therapists were 

reminded via email if they omitted one or more items on the MDS (compliance reminder) or 

when they did not check off one or more treatment categories on the evaluation form that was 

recommended by the CDRs (adherence reminder). Compliance was defined as completing all 

required items of the MDS on the forms. Compliance reminders were provided to all physical 

therapists from the 1st day of the project. Adherence was defined as planning patients’ care 

according to the CDRs. Physical therapists were given 2 weeks from sending the compliance 

reminders to complete the missing MDS or justify their decision for not completing the omitted 

MDS. They were also given 2 weeks from sending the adherence reminders to correct the 

treatment choice according to the CDRs or justify their decision regarding the plan of care. The 

last behavioral intervention was the educational training, which contained a webinar, short test, 

and competency training and testing. The webinar was 1.5 hours of theoretical information that 

was videotaped and distributed for the physical therapists to review. The short-test was 

completed online and included 10 multiple-choice questions about the tests and measures in the 
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evaluation forms, and the corresponding CDRs. The competency training and testing was 

delivered by one of the investigators (SLW) who provided a practical session followed by the 

competency test for each participating physical therapist. 

An overall compliance rate of 90-95% in both groups was deemed appropriate by the 

investigators to start behavioral interventions (which included adherence reminders and the 

educational training) to assure that enough information in the forms was being collected to be 

able to evaluate the physical therapists’ performance.78,201 Thus, the compliance rate was 

monitored from the start of the project. By the end of week 16, a two-week washout period was 

dedicated to send reminders and collect responses from the 16-week recruitment period. 

Data collection: 

The evaluation forms were faxed to a secure fax server to which a data manager had 

dedicated access. Two data managers were trained and completed the required certification to be 

able to de-identify and extract the data from the evaluation forms. 

Type of data collected: 

Demographic information for physical therapists participating in the study was collected. 

Also, demographic information of patients was extracted from the evaluation forms. The average 

percentage of compliance for the physical therapists was calculated. The average percentage of 

adherence amongst each group was also calculated. Each evaluation form has 6 treatment 

categories that were classified as adherent, non-adherent, or over-utilized based on the CDRs. A 

treatment category was considered as adherent when the treatment category was checked off and 

the CDRs recommended it, or when it was not checked off and not recommended by the CDRs. 

Non-adherent treatment category was a treatment category that was not checked off in the 

evaluation form while recommended by the CDRs. When a treatment category was checked off 
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on the evaluation form while not supported by the CDRs it was classified as over-utilized. 

Therefore, an evaluation form was considered adherent if no treatment category was classified as 

non-adherent among the 6 treatment categories on the evaluation form. The adherence 

percentage was averaged for each physical therapist for pre and post intervention periods. The 

type and count of reminders sent to each group were collected. If the physical therapist was 

assigned to a new clinic after the group assignment, he/she was analyzed within the original 

group assignment. The compliance and adherence rates that were used in the analyses were the 

rates calculated after the physical therapists responded to the compliance or adherent reminders. 

A follow-up survey regarding the project was sent to the participating physical therapists 

via email at the end of the project. The survey aimed to explore the value of the quality 

improvement project for the participating physical therapists. 

4.3 STATISTICAL ANALYSES 

Differences in baseline characteristics between physical therapists groups and in patients seen by 

the intervention and wait-listed groups were tested using parametric and non-parametric tests as 

appropriate. A mixed-factor ANOVA was used to compare the average adherence 

between/within groups based on adherence rates before and after the behavioral intervention. 

The p-value was set at 0.05. 
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4.4 RESULTS 

A total of 23 physical therapists working at 15 clinics initially participated in the project. Four 

physical therapists were excluded because they were not assigned to a specific clinic. Nineteen 

physical therapists were included and randomized into two groups; 9 in the intervention group 

and 10 in the wait-listed group. A physical therapist was dropped from the wait-listed group 

since this therapist did not fax any evaluation forms in the post-intervention period. Therefore, 

18 physical therapists were included in the analyses (See Figure 1). A total of 732 patients’ 

evaluation forms were faxed and 580 patients’ evaluation forms were included in the analyses. 

The excluded 152 evaluation forms were either completed by the four excluded physical 

therapists or the dropped physical therapist. Of the 580 included evaluation forms, 276 patients 

were seen by physical therapists in the intervention group and 304 patients were seen by physical 

therapists in the wait-listed group. 

Group comparison: 

Physical therapists: 

No statistical differences were found between the groups in terms of demographic 

information (Table 2). All physical therapists who participated in the quality improvement 

project were female with average age of 38 and 36 years in the intervention and wait-listed 

groups, respectively.  

Persons with balance and vestibular disorders: 

No statistical differences were found between the patients seen by the physical therapists 

in the groups in terms of demographic information (Table 3). The average age of the patients was 

32 years (range 7-90 years) in the intervention group and 41 years (range 7-93 years) in the wait-

listed group. Patients were more likely to be female 64% and 65% in the intervention and wait-
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listed groups, respectively. The median duration of symptoms was 7 weeks (range: 1-777 weeks) 

in the intervention group and 6 weeks (range: 1-529 weeks) in the wait-listed group. 

A compliance rate of 90-95% or more was reached for both groups at week 7, therefore, 

the intervention group began to receive educational training during week 8. Also, adherence 

reminders started at the beginning of week 8 until the end of the project for the intervention 

group. The wait-listed group received educational training four weeks after the intervention 

group, which was during week 12. Adherence reminders also were started at the onset of week 

12 for the wait-listed group until the end of the project. All of the physical therapists who 

participated in the quality improvement project reported that they had viewed the webinar. Their 

average score on the online short test were 96% for both intervention and wait-listed groups. 

There was no statistical difference between the groups in terms of their scores on the online short 

test (independent t-test: p = 1). 

Table 4 shows the response rates to compliance and adherence reminders, respectively. 

The overall response rate to reminders was higher for compliance reminders than adherence 

reminders. 

To examine the effect of the behavioral intervention on the adherence of the physical 

therapists to the CDRs for the intervention group, the adherence rates were averaged for the 4 

weeks before and after the intervention group received the behavioral intervention. The average 

change in adherence increased by 5% across both groups. The within group difference was not 

significant (p = 0.4, effect size = 0.04). Between groups effect showed no significant difference 

(p = 0.8, effect size =0.005). There was no significant interaction effect of the behavioral 

intervention (p = 0.3, effect size = 0.08) with observed power of 0.2. (Table 5) 
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The effect of the behavioral intervention on adherence rates for both groups was 

examined using the average of adherence rates before and after the behavioral intervention was 

provided to each group (i.e. intervention group: 7 weeks before/ 9 weeks after, wait-listed group: 

11 weeks before/5 weeks after). Average adherence rates increased significantly for both groups 

after the behavioral intervention (p = 0.008, effect size =0.4). The average change in adherence 

rates was 11% across the intervention wait-listed groups. The between group effect was not 

significant (p = 0.8, effect size = 0.003), indicating that the adherence rates were about the same. 

The interaction effect of intervention was not significant which suggests that the change in 

adherence rates was similar for both groups (p = 0.6, effect size = 0.01) with observed power of 

0.07. (See Table 5)  

Figure 2 shows an increase in the weekly compliance rates before and after the physical 

therapists responded to the compliance reminders for the whole sample (18 physical therapists) 

over the 16 weeks. When comparing the trends of compliance rates between the before and after 

the reminders, it appears that compliance reminders had an effect on the pre-reminders 

compliance rates mainly within the first 4 weeks; after that the compliance rates remained almost 

steady at higher levels. 

In contrast, Figure 3 shows an increase in the weekly adherence rates for both 

intervention and wait-listed groups after the educational training and adherence reminders were 

initiated. However, it appears that the educational training had a greater effect on the adherence 

rates, as there is virtually no difference in adherence rates after the reminders were sent. 

The amount of over-utilization for each treatment category was explored, except for the 

education category, since it was expected that all physical therapists would provide education in 
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each visit (Table 6). The balance activities category was the most over-utilized treatment and 

CRM was the least. 

Overall, both groups showed less over-utilization of treatment in the post-intervention 

period than in the pre-intervention period. Figure 4 shows the percentage of sum of over-utilized 

treatment categories for the sample (18 physical therapists) while excluding education category. 

When pre-intervention was compared to post-intervention periods, it was found that evaluation 

forms that had no over-utilized treatment categories increased by 16%. Evaluation forms that 

over-utilized 1 treatment category decreased by 3%. A decrease of 9% was found in evaluation 

forms that over-utilized 2 treatment categories. Evaluation forms that had 3 or 4 over-utilized 

treatment categories decreased by 2% in the post-intervention period. There was less than 1% of 

the evaluation forms that over-utilized 5 treatment categories in the pre-intervention period and 

none in the post-intervention period. The quality improvement project appeared to decrease over-

utilized treatment categories. 

Figure 5 shows the adherence rates pre/ post- intervention for each physical therapist. 

Four of the physical therapists showed a 100% adherence in both the pre and post-intervention 

periods, and the adherence improved to 100% in six of the physical therapists. There was still 

room for improvement despite an increase in adherence in six of the physical therapists, even 

after the behavioral intervention was provided. The adherence decreased in two of the physical 

therapists. Of the four physical therapists who did not participate in the development of the 

CDRs, two of them showed 100% adherence post-intervention and two did not. 

The post-hoc survey in this quality improvement project asked the physical therapists to 

provide feedback about the project and how to improve it. Twenty one out of the 23 physical 

therapists completed the survey with a response rate of 91%. The most common barrier to 
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complete the MDS was that there was not enough time to complete all the MDS (81%). 

However, most of the physical therapists reported that they rarely faced any barrier to adhere to 

the CDRs (81%). The majority (81%) of the physical therapists preferred a prompt electronic 

reminder (for instance, if entering the data in an electronic medical record) instead of email 

reminders while 19% preferred the email reminders. Also, a majority of the physical therapists 

(57%) thought the quality improvement project helped improve the quality of care. 

The physical therapists were asked about the benefits of the quality improvement project 

and 10 physical therapists (48%) did not respond to this question, and thus, were considered as 

“no benefits”. Six physical therapists (29%) thought it guided a complete and consistent 

evaluation. Four physical therapists (19%) said it directed their goal setting and treatment 

planning. One physical therapist said it provided extra training and established the CDRs. One 

physical therapist commented that it could be beneficial for students. 

When asked about negative aspects to the quality improvement project, seven physical 

therapists (33%) did not respond, therefore, were considered as “no negative aspects”. Also, one 

physical therapist commented that there were no negative aspects to this project. Seven physical 

therapists (33%) thought that faxing the balance and vestibular form and the concussion form 

was burdensome and consumed time. Five physical therapists (24%) commented that this quality 

improvement project was time consuming. Three physical therapists thought that this quality 

improvement project did not fit all patients and that they had to perform examinations against 

their clinical judgment. Two physical therapists thought it was an extra task to do. One physical 

therapist commented on receiving reminders after the first visit while they have two visits to 

complete the forms. One physical therapist said that she had to fax the forms each visit since it 

was hard to keep track of which to send every two weeks. One physical therapist thought that 
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quality improvement projects are not suitable for experienced clinicians. One physical therapist 

commented that this quality improvement project did not add anything to her clinical 

management. 

The physical therapists were asked for their ideas to improve this quality improvement 

project. Twelve physical therapists (57%) did not respond. Also, one physical therapist 

commented that it was good the way it was. Five physical therapists (24%) thought an electronic 

data collection method would make it easier than paper-based and faxing. Two physical 

therapists thought that the forms should be reconstructed to include the MDS only rather than 

having MDS included within a more comprehensive form, which would make it easier to 

complete the MDS. One physical therapist suggested that the CDRs for the 4-item DGI should be 

reconsidered, as it is very conservative. 

4.5 DISCUSSION 

Improvement in adherence to clinical guidelines following guidelines implementation is reported 

to be usually 5-10%.210 Our results showed 11% improvement in adherence rates to the CDRs. 

Bekkering and colleagues211 defined the important difference in adherence to clinical guidelines 

as 20%, yet they concluded that it was optimistic. Bekkering and colleagues211 compared the 

adherence of physical therapists to low back pain clinical guidelines and found a difference of 

12% in adherence rates in favor of the intervention group. In their study, the control group 

received the guidelines by mail whereas the intervention group received the guidelines by mail 

and also received a multifaceted intervention that included education, discussion, role playing, 

feedback, and reminders.211 In fact many studies reported that the use of quality improvement 
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could improve patient care, increase provider satisfaction and decrease process variation and 

healthcare costs.11-13 

During the 4-week period when the intervention group received the educational training 

and adherence reminders, the 11% increase in adherence in the intervention group was not 

significantly different from the 2% decrease in the wait-listed group. The lack of a significant 

finding can be related to the low power of the study. A post-hoc power analysis revealed that 34 

physical therapists were needed to be recruited in this study. However, this was a fixed group 

and recruiting more physical therapists was not possible. 

Adherence rates were approximately 80% before intervention was provided and above 

90% after providing the intervention. Previous studies showed that quality improvement projects 

that involve the clinicians in the process are likely to be successful.79 For example, Van der Wees 

and colleagues212 found that adherence to guidelines in providing interventions for individuals 

with acute ankle injury was very high at 92% and physical therapists in their study were familiar 

with the guidelines. Besides having the physical therapists participating in the guidelines 

development, the physical therapists were involved in two meetings to discuss the acute ankle 

injury guidelines.212 Since most of the physical therapists in our study were involved in 

developing the CDRs, this could have played a role in the high adherence rates. Moreover, the 

participating physical therapists have been involved in monthly meetings for over 5 years that 

review the latest findings in balance and vestibular rehabilitation. Whereas the physical 

therapists had high adherence rates, the pre-reminder compliance rates were relatively low, even 

though the MDS was agreed upon by the physical therapists. The high adherence rates might be 

explained by the physical therapists developing the CDRs based on their daily practice which 

was in line with evidence; the low pre-reminders compliance rates may by due to not completing 
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all the MDS in their daily practice for every person with balance and vestibular disorders. In fact, 

some of the physical therapists in our project mentioned in the survey that the MDS does not fit 

every patient they examined. The effect of the quality improvement project could have started 

before the initiation of the project, when the physical therapists participated in the development 

of the MDS and CDRs and were aware that their performance was to be assessed. 

The response rates to reminders of both types were not very high in this quality 

improvement project. The reason for this was in part related to the system we used to remind the 

physical therapists, which was email. In order to respond to the reminders, the physical therapists 

would need to retrieve a patient’s information and re-fax or email their responses, which 

consumed time and effort. An efficient method would be an electronic data entry system that 

promptly reminds the physical therapists about their lack of compliance to the MDS and/or non-

adherence to the CDRs, and the physical therapists would have to respond prior to submitting the 

electronic evaluation form in the future. Furthermore, electronic reminders were reported to 

increase the chance of receiving care according to clinical guidelines over paper-based 

reminders.84 In a study by Sequist and colleagues84, 35% of the participating physicians in the 

survey reported that the electronic reminders encouraged them to act according to the 

recommendations. McDonald et al213 reported that the compliance rate (to order a test or record a 

finding) increased significantly from 12 and 20% to 23 and 49%, respectively. Also, the 

adherence rate (to alter a treatment plan) increased significantly from 29 to 43%.213 They used 

electronic reminders to cue the physicians when they were in the intervention period.213 

However, it appears that giving the clinicians the choice to act upon reminders or ignore them 

would not be as effective as having the clinicians either act upon the reminders or briefly justify 

their non-recommended decision. The reason given by the clinicians for not being adherent to the 
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clinical guidelines at the time of the visit would be valuable information to amend the guidelines 

to fit atypical cases. Litzelman et al214 found that physicians who were required to respond to the 

electronic reminders showed significantly higher compliance rate (46%) than those who received 

electronic reminders without being required to respond (38%). Moreover, a systematic review 

reported that the overall median change in adherence to guidelines as a result of electronic 

reminders was 6%, however, when responding to reminders was required the median increased 

to 13%.215 

In this study, compliance rates were higher after the physical therapists responded to the 

compliance reminders, mainly within the first 4 weeks. These findings suggested that reminders 

were very effective in increasing the rates of compliance and that the physical therapists retained 

that improvement throughout the rest of this quality improvement project. It was reported that 

completeness and consistency of medical records is essential to evaluate clinicians’ 

performance.78,201 In contrast, a moderate increase in the weekly adherence rates occurred mainly 

after adherence reminders and educational training were provided to each group. However, 

adherence reminders did not have an effect on adherence rates since the adherence rates did not 

seem to change much before and after the physical therapists responded to the adherence 

reminders. These findings suggest that the moderate increase in adherence rates was related to 

the webinar and competency testing/training rather than adherence reminders since there were a 

small number of adherence reminders. It was reported that educational training is more effective 

than educational materials dissemination in terms of changing clinical behavior.23,187 Also, 

educational training and reminders have the same effectiveness in changing clinical behavior.187 

Moreover, an intervention that combines educational training and reminders is expected to be 

more effective in changing clinical behavior than individual intervention.23,187 
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This quality improvement project was effective in decreasing the percentage of over-

utilized treatments after the behavioral intervention was provided. Overuse was defined as 

providing treatment that lacked evidence of effectiveness.73 It was reported that the use of 

guidelines could have an important effect in reducing over-utilization, mainly when the 

guidelines are simple and easy to use.216 Although the CRM should not be provided when 

positional testing is negative, it was over-utilized in our study but it was over-utilized the least. 

Hence, we think that CDRs that are specific and imply a negative direction (if positional testing 

is negative then CRM should not be provided) are easier to follow and help in adherence to 

clinical guidelines. These findings support the idea that developing guidelines that have rules for 

negative examination results as well as positive results leads to less over-utilization of treatment. 

A review stated that well-established guidelines have a promising potential to decrease over-

utilization.217 

The physical therapists reported that the most chosen barrier to complete the MDS was 

lack of time, which might suggest that a shorter or a diagnosis specific MDS was needed. Also, 

the physical therapists said that they sometimes did not agree with the importance of the MDS to 

their specific patient, and that the patient refused to perform and/or complete the MDS. Sequist 

and colleagues 84 surveyed physicians who participated in their study and the response rate was 

62%. They found lack of time during office visits to be the most selected barrier to guideline 

adherence (50%), followed by patient refusal (42%) and then disagreement with guideline 

recommendations (34%),84 which is similar to our findings. 

Most of the physical therapists said they rarely had problems with adhering to the CDRs, 

which reflects the moderate change in their adherence rates. Among the barriers to adhere to the 

CDRs was that the physical therapists reported that they sometimes forgot to check the treatment 
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category they planned to provide to their patients. In Sequist and colleagues84 study, 26% of the 

physicians reported forgetting to follow the guideline recommendations. 

Faxing the evaluation forms was considered by the physical therapists to be a negative 

aspect to the quality improvement. The physical therapists suggested that an electronic data 

collection method would enhance the quality improvement project. Electronic reminders were 

preferred over email reminders by most of the physical therapists. An electronic reminding 

system would make it easier for the physical therapists and would be cost and time effective. It 

was reported that 71% of the physicians who participated in a survey favored an electronic 

clinical decision support system over a paper-based system.84 

Physical therapists considered the quality improvement project as beneficial in guiding a 

complete and consistent evaluation, and directing their goals-setting and treatment planning. 

More than half of the physical therapists thought the quality improvement project helped to 

improve the quality of patient care. Sequist et al84 reported that 76% of the physicians in their 

study thought that the electronic reminder system assisted in patient care improvement. Also, it 

has been reported that adherence to clinical guidelines is associated with improvements in 

quality of care.175 

4.6 LIMITATIONS 

One of the limitations in this quality improvement project was that the sample of physical 

therapists in this project was not sufficient to have enough power, which therefore increases the 

chance of not been able to find a significant effect of the behavioral intervention while in fact 

there was an effect.218 Also, treatment categories were generic and could cover a wide variety of 
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treatment modalities and exercises, which might have led to choosing treatment categories that 

were not recommended by the CDRs (over-utilization). Moreover, the CDRs that we developed 

were positive rules only. We did not provide rules for cases where examinations were negative. 

This over-utilization might have inflated the adherence rate. 

Electronic data entry would be more efficient than paper and faxing. An electronic 

medical record would have insured that we received all patients’ evaluation forms that were 

completed by the participating physical therapists. 

A design that has a pre quality improvement period (baseline) would provide more 

information on the clinical behavior of physical therapists before any intervention was provided 

including the dissemination of educational materials and compliance reminders. 

4.7 CONCLUSION 

To the best of our knowledge, this is the first quality improvement project in balance and 

vestibular rehabilitation. This quality improvement project was effective in demonstrating the 

same level of improvement in adherence to the CDRs between groups. Both groups’ adherence 

levels improved over the 16-week study. Over-utilization of treatment decreased as a result of 

this quality improvement project. Also, completeness of the evaluation forms (MDS) improved 

over the 16 weeks of study, which means improvement in documentation. 

The high adherence rates in both groups from the beginning of this project may be 

because the rules are broad, and they were developed and agreed upon by most of the 

participating physical therapists. Among our behavioral intervention strategies, the email 

reminders and on-site educational sessions were considered the most beneficial. Although we 
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cannot anticipate the response from the physical therapists to the passive methods (educational 

materials dissemination and educational webinar) we can say that an active in-person educational 

session and email reminders were effective in changing physical therapists clinical behavior. 
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Figure 1 Quality improvement project timeframe. 1 Four physical therapists were excluded 

because they were not assigned to a specific clinic. 2 A physical therapist was dropped from the 

wait-listed group since this therapist did not fax any evaluation forms in the post-intervention 

period. 
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Figure 2 Weekly compliance rates before and after the compliance reminders for the whole 

sample (n=18 physical therapists). Since not every physical therapist had sent data every week, 

three-weeks running averages were calculated to reflect an estimate of compliance rate for the 

physical therapists during each week. The dashed line (before reminders) represents the original 

compliance rate before the compliance reminders were sent to the physical therapists. The solid 

line (after reminders) represents the compliance rates after the physical therapists responded to 

the compliance reminders. 
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Figure 3 Weekly adherence rates before and after adherence reminders for the intervention (n= 9 

physical therapists) and wait-listed group (n= 9 physical therapists). Since not every physical 

therapist had sent data every week, three-weeks running averages were calculated to reflect an 

estimate of compliance rate for the physical therapists during each week. The dashed line (before 

reminders) represents the original adherence rate before the adherence reminders were sent to the 

physical therapists. The solid line (after reminders) represents the adherence rates after the 

physical therapists responded to the adherence reminders. 
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Figure 4 Percentage of evaluation forms categorized by the number of over-utilized treatment 

categories for the sample (n= 18 physical therapists). The white bar represents the pre-behavioral 

intervention period. The shaded bar represents the post- behavioral intervention period. An 

evaluation form could maximally have 5 over-utilized treatment categories out of 6 treatment 

categories; the education category was excluded since it was ideal to provide patients with 

education regarding their balance and vestibular dysfunction. 0: percentage of evaluation forms 

that did not have any over-utilize treatment category. 1 -5: percentage of evaluation forms that 

have 1 through 5 over-utilized treatment categories. 
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Figure 5 ,QGLYLGXDO� Ddherence rates pre/post intervention for physical therapists (n= 18). The 

white bar represents the adherence rate during the pre-behavioral intervention period and the 

black bar represents the post-behavioral intervention period. The asterisk (*) indicates that the 

physical therapist was not involved in the development of the minimum data set (MDS) and 

clinical decision rules (CDRs). 
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Table 1 Clinical decision rules (CDRs). 

Test/examination Clinical decision rules 

History of falls 
If the patient reports one or more falls in the previous six months, then 

provide the falls education packet 

Head thrust test 

(HTT) 
If head thrust test is positive, then do gaze stabilization exercises 

Dynamic visual 

acuity (DVA) 

If the patient loses greater than 2 lines on the clinical DVA test, then do 

gaze stabilization exercises 

Convergence 

If the patient has difficulty with vergence (defined as a near point of 

convergence greater than 6 cm from the tip of the nose), then do 

convergence exercises 

Vestibulo-ocular 

reflex (VOR) 

cancellation 

If symptoms increase with VOR cancellation, then do optokinetic 

training 

Positional testing 

- If the patient demonstrates a positive Dix-Hallpike on the left 

(upbeating torsional nystagmus that fatigues), then do the left canalith 

repositioning maneuver (CRM) 

- If the patient shows a positive Dix-Hallpike on the right (upbeating 

torsional nystagmus that fatigues), then do a right CRM 

- If the patient shows a positive roll test to the right or left, then do the 

log roll maneuver (as part of CRM category) 

Balance [the 

Modified Clinical 

Test of Sensory 

Interaction and 

Balance 

(mCTSIB)] 

If the patient fails to complete any of the mCTSIB items as described, 

then work on static standing and/or dynamic standing activities  

Criteria for indication: 

- Stood less than 30 seconds per trial 

- Movement of the hands from the start position 

- Eye opening when their eyes are to be closed 

- Movement of the feet on the floor 

Gait speed If gait speed is less than 0.8 m/s, then provide ambulation program 
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Activities-specific 

Balance 

Confidence 

(ABC) 

If patient’s ABC is less than 70%, then provide education to increase 

his/her balance confidence 

Dynamic gait 

index (DGI-4 

item) 

If DGI-4 is less than 12, work on an ambulation program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 (continued) 
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Table 2 Physical therapists’ characteristics (n= 18). 

 Intervention (n=9) Wait-listed (n=9) p 

Age (years): mean (SD) 38 (8) 36 (11) 0.6 G 

Highest degree earned:    

BS: n (%) 

MS: n (%) 

DPT: n (%) 

0 (0%) 

1 (11%) 

8 (89%) 

2 (22%) 

0 (0%) 

7 (78%) 

0.5 D 

Specialty certification 

(NCS): yes (%) 
2 (22%) 3 (33%) 1 D 

Advanced Vestibular 

Training (Emory Course): 

yes (%) 

4 (44%) 6 (67%) 0.6 D 

Total years of practice: 

mean (SD) 
13 (7) 13 (12) 1 G 

Years of practice in balance 

and vestibular rehabilitation: 

mean (SD) 

7 (4) 5 (4) 0.3 G 

Full-time employment (%) 6 (67%) 7 (78%) 1 D 

SD: standard deviation 

BS: Bachelor degree 

MS: Masters degree 
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DPT: Doctor of Physical Therapy 

NCS: Neurologic Clinical Specialist 

D Fisher’s exact test 

G Independent t-test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 (continued) 
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Table 3 Patients' characteristics (n=580). 

 Intervention (n=276) Wait-listed (n=304) p 

Age of the patients 

(years): median 

(range) 

32 (7-90) 41 (7-93) 0.2 E 

Gender: Female (%) 178 (64%) 197 (65%) 1 D 

Duration of symptoms 

(weeks)*: median 

(range) 

7 (1-777) 6 (1-529) 0.3 E 

D Chi-Square test 

E Mann-Whitney test 

* Duration of symptoms was missing in 2 and 4 patients in the intervention and wait-listed 

groups, respectively  
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Table 4 Response rates to compliance and adherence reminders during the 16-week period of the 

quality improvement project. 

Group Sent reminders Received responses Response rate 

Compliance reminders: 

Intervention 111 77 69% 

Wait-listed 70 56 80% 

Total 181 133 73% 

Adherence reminders: 

Intervention 15 8 53% 

Wait-listed 6 4 67% 

Total 21 12 57% 
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Table 5 Mixed-factor ANOVA of adherence rates for weeks 4-12 and all 16 weeks. 

Group N 
Means (SD)% Within Between Interaction 

Pre Post p ES p ES p ES 

Weeks 4-11: 

I 8* 75 (31) 86 (16) 
0.4 0.04 0.8 0.005 0.3 0.08 

W 9 84 (24) 82 (23) 

All 16 weeks: 

I 9 83 (18) 92 (10) 
0.008 0.4 0.8 0.003 0.6 0.01 

W 9 83 (21) 95 (8) 

Groups: (I) Intervention and (W) wait-listed. N: number of physical therapists. SD: standard 

deviation. Pre: Adherence mean pre-intervention. Post: Adherence mean post-intervention. P: 

p-value. ES: effect size (partial eta squared), where 0.01 = small effect, 0.06 = moderate effect, 

and 0.14 = large effect.219 

* One physical therapist in the intervention group did not send any data in the post-

intervention period (weeks 8-11). 
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Table 6 Treatment categories categorized according to the CDRs situations (n=580 evaluation 

forms). 

Treatment categories 
CDRs 

indicated 

Number 

received (%) 

Number did 

not receive (%) 

CDRs not 

indicated 

Over-utilized 

(%) 

Eye-head activities 387 374 (97%) 13 (3%) 193 103 (53%) 

Balance Activities 173 172 (99%) 1 (<1%) 407 289 (71%) 

Ambulation program 228 210 (92%) 18 (8%) 352 175 (50%) 

Canalith repositioning 120 112 (93%) 8 (7%) 460 35 (8%) 

Optokinetic training 312 277 (89%) 35 (11%) 268 84 (31%) 

CDRs: clinical decision rules 
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5.0  THE EFFICACY OF A QUALITY IMPROVEMENT PROJECT ON OUTCOMES 

OF PERSONS WITH BALANCE AND VESTIBULAR DISORDERS 

5.1 INTRODUCTION 

The prevalence of vestibular disorders was reported to be 35% in Americans at the age of 40 

years and older.33 The risk of falling is highly linked to balance and vestibular disorders, which 

may result in fall-related injuries and consequent costs.33 In addition, activities of daily living 

and quality of life are adversely affected in individuals with balance and vestibular disorders.34-

36,38,39 Balance and vestibular rehabilitation improves the performance of activities of daily living 

and decreases the level of functional disability in individuals with vestibular disorders.39,64-67 

Variation in clinical practice leads to healthcare inadequacies which can be minimized by 

the use of practice guidelines and quality improvement.72,74 Quality improvement is a structured 

process of utilizing quality indicators to detect the reasons for differences in practice and 

outcomes of care with the goal of enhanced clinical performance.78 Quality improvement may 

improve clinical outcomes8-10, increase patient and provider satisfaction11,12, and minimize 

variation, and costs of healthcare.13 In a recent quality improvement project, 76% of clinicians 

reported improvement in the quality of care by the use of an electronic reminder system.84 

However, others have demonstrated that quality improvement effects on healthcare outcomes 

were unclear and reported to have low to moderate success in achieving aims.14,83 
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Clinical guidelines are a set of rules that affect clinical decision-making and can enhance 

quality of care and clinical outcomes.173,175 McGuirk et al220 reported a greater improvement in 

outcomes of patients with low back pain who were treated in clinics that utilized evidence-based 

guidelines compared with patients who received their care at clinics in which these guidelines 

were not introduced. However, quality improvement projects and implementation of guidelines 

concentrate mostly on evaluating the processes with less focus given to the effect of adherence to 

guidelines on clinical outcomes.221 Clinical outcomes can be used as benchmarks to assist in 

determining if the quality of healthcare is improving.78 

In this study, we explored the effect of a quality improvement project on clinical 

outcomes for persons with balance and vestibular disorders. The process of quality improvement 

implementation typically includes development of a minimum data set (MDS) and clinical 

decision rules (CDRs). In a previous report, changes in compliance to the MDS and adherence to 

the CDRs were previously evaluated in the vestibular rehabilitation setting.222 The purpose of 

this study was to examine if adherence to CDRs has a beneficial effect on patient outcomes. We 

hypothesized that persons with balance and vestibular disorders who were treated according to 

the CDRs would benefit from vestibular rehabilitation more than those who were not treated 

according to the CDRs. 

5.2 METHODS 

A four-month quality improvement project was implemented within the University of Pittsburgh 

Medical Center (UPMC) Centers for Rehab Services outpatient neurological physical therapy 

clinics. This project was approved by the UPMC Quality Improvement subcommittee. The aim 
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of the project was to evaluate the effect of behavioral intervention strategies provided to physical 

therapists to explore adherence to the CDRs and patient outcomes over the 16-week quality 

improvement project. 

Physical therapists completed the MDS which included physical therapist selected codes 

of the International Classification of Diseases (ICD-9), current medical history, date of onset, 

history of falls, symptoms of dizziness during different activities, the Dizziness Handicap 

Inventory101 (DHI), the head thrust test105 (HTT), dynamic visual acuity113 (DVA), vestibulo-

ocular reflex (VOR) cancellation,125 convergence,119 positional testing,132,133 the Modified 

Clinical Test of Sensory Interaction and Balance (mCTSIB),149,151 gait speed,159 the Activities-

specific Balance Confidence (ABC) scale,156 the 4-item Dynamic Gait Index168,169 (DGI 4-item), 

and the plan of care. The plan of care consisted of six treatment categories202 selected by the 

physical therapists as appropriate based on the examination findings and the CDRs. The plan of 

care included eye-head coordination exercises, balance activities, ambulation training, the 

canalith repositioning maneuver, optokinetic training, and patient education. 

The MDS was included in the evaluation form used by physical therapists when they 

performed an initial evaluation for an individual with dizziness or imbalance. Also, physical 

therapists were to decide on the plan of care based on pre-determined CDRs, as described in 

Almohiza et al.222 The CDRs provided a care decision for 10 out of the 16 items on the 

evaluation form that included the MDS. The CDRs were developed based on evidence-based 

practice and consensus among the experienced physical therapists who participated in the quality 

improvement project. 

Physical therapists transmitted the evaluation forms to a secure fax to which an honest 

broker had access. The honest broker verified if the physical therapists completed the MDS and 
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selected choices within the plan of care that they would utilize according to the CDRs. The 

clinical evaluation forms completed by the physical therapists who participated in the quality 

improvement project were classified as adherent or non-adherent to the CDRs. 

Behavioral intervention strategies: 

Three behavioral intervention strategies were utilized: 1) educational material 

dissemination, 2) email reminders, and 3) educational training. Physical therapists were educated 

on how to complete the MDS, how to perform examinations on the form, and how to choose the 

appropriate intervention based on the CDRs. 

There were two types of email reminders: compliance and adherence reminders. 

Compliance reminders were sent to any physical therapist who omitted one or more items in the 

MDS. Compliance referred to completing all mandatory items (i.e. the MDS) on the evaluation 

forms. Therefore, physical therapists were considered non-compliant when they faxed a form 

with an incomplete MDS. Compliance reminders were provided to all physical therapists from 

the onset of the project. 

The overall design of the quality improvement project is illustrated in Figure 6. In the 

quality improvement project, the physical therapists were randomized into intervention and wait-

listed groups that determined the time of receiving the behavioral intervention. The behavioral 

intervention included educational training and adherence reminders. Adherence reminders were 

sent when physical therapists had a treatment plan checked that did not conform to the CDRs. 

Adherence referred to consistency in implementation of the CDRs. Physical therapists were 

considered non-adherent if they did not follow the CDRs as indicated by the MDS. Adherence 

reminders were provided to the intervention and waitlisted groups from weeks 8 and 12, 

respectively.  
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Study sample: 

Physical therapists who were participated in the quality improvement project were asked 

to include consecutive patients over the 4-month period for whom they completed the physical 

therapy evaluation form and clinical outcome measures. 

Outcome measures: 

Three self-report outcome measures were agreed upon by the participating physical 

therapists and used in this study as benchmarks of patient improvement. Clients completed the 

Activities-specific Balance Confidence (ABC) scale,156 the Dizziness Handicap Inventory101 

(DHI), and the 15-point Likert Global Rating of Change170 (GRC) at least every two weeks. The 

physical therapists faxed these clinical outcomes to the honest broker. Also, the minimal 

clinically important difference (MCID), if established, or the minimal detectable change (MDC) 

was used to compare the change of scores in each outcome measure. The MDC is the smallest 

amount of change beyond the measurement error for an instrument.218 The MCID is defined as 

the smallest amount of change in scores of an instrument that can be considered beneficial.170  

The ABC is a 16-item self-report tool that quantifies the difficulty of activities and fear of 

falling in elderly individuals.156 Items include activities with different levels of difficulty, 

ranging from walking around the house to walking on icy sidewalks.156 It is scored from 0% to 

100%, and higher scores indicate a more confident individual.156 The sensitivity and specificity 

of the ABC for falls prediction in community-dwelling older adults were 84% and 87%, 

respectively.157 The ABC has high internal consistency (Į� �����) and good test-retest reliability 

r = 0.92, p<0.001.156 The ABC has a strong correlation with the DHI (r = 0.64, p<0.001), which 

indicates convergent validity.158 The cutoff score for the ABC is 67% for fall risk.157 Our group 

of experts’ clinical decision rule for the ABC was to provide education for patients with an ABC 
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score less than 70% to increase their balance confidence. Seventy percent was chosen instead of 

67% to be more conservative. The MCID for the ABC has not yet been established; however, the 

MDC for the ABC in persons with Parkinson’s disease is 13 points.223 

The Dizziness Handicap Inventory (DHI) is a 25-item questionnaire that was developed 

by Jacobson and Newman.101 The DHI was designed to record the handicapping effect of 

dizziness in persons with vestibular disorders.101 It is scored from 0 to 100, and lower scores 

indicate less handicap.101 The DHI has good internal consistency for the total score (Į = 0.89), 

satisfactory internal consistency for subscales (Į = 0.72 - 0.85), and high test-retest reliability (Į 

= 0.97).101 Discriminant validity has also established a good relationship between DHI scores 

and the number of dizziness episodes.92 The DHI was also found to be responsive to change as a 

measure in vestibular rehabilitation.104 Our group of experts did not establish a clinical decision 

rule for DHI total or its sub-items. The MCID for the DHI in persons with vestibular dysfunction 

is 18 points.101 

The 15-point Likert Global Rating of Change (GRC) measures the change in health status 

from the patient’s perspective.170-172 The GRC outcome measure helps in determining if patients 

perceive that they are improving.170-172 The GRC is a 15-point score ranging from +7 (a very 

great deal better) to -7 (a very great deal worse), with 0 indicating no change.170 Further, it was 

divided into three ranks of change: +1 to +3 or -1 to -3 which indicate small change, +4 and +5 

or -4 and -5 which indicate moderate change, and finally, +6 and +7 or -6 and -7 which indicate 

large change.170 Therefore, changes on the GRC scale between +1 to +3 or -1 to -3 represent the 

MCID.170 

The ABC and DHI were part of the MDS and therefore, the baseline scores were 

retrieved from the initial evaluation forms. However, the GRC was administered only on follow-
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up and discharge. For the ABC, DHI, and GRC, when the discharge data was missing for an 

outcome measure, the intention to treat principle was utilized by considering the most recent 

follow-up data as the discharge data. 

Data collection: 

Data was de-identified by two honest brokers. Physical therapists were classified as 

adherent or non-adherent based on their average adherence rate during the 4-month trial. To be 

considered adherent, physical therapists had to have an average adherence that was equal to or 

above than the group’s average of 90%. Also, patients’ evaluation forms were classified as 

adherent vs. non-adherent. An evaluation form was considered non-adherent if one or more of 

the 6 treatment categories on the form were not checked off while the CDRs recommended that a 

treatment category be utilized. 

Demographic information for persons with balance and vestibular disorders was retrieved 

from the evaluation forms. Also, physical therapists’ demographic information was collected. A 

survey was sent to participating physical therapists via email at the end of the quality 

improvement project to explore how the physical therapists perceived the quality improvement 

project. The questions and responses related to the clinical outcome measures were collected. 

The survey was anonymous and contained questions related to the clinical outcomes. 

5.3 STATISTICAL ANALYSES 

The demographic characteristics of physical therapists and persons with balance and vestibular 

disorders were compared between adherent and non-adherent groups using parametric and non-

parametric tests as appropriate. A mixed-factor repeated measures ANOVA was used to examine 
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the effects of time (baseline and discharge scores), adherence (adherent and non-adherent) and 

the interaction on the ABC and DHI scores. For the GRC, the discharge data for the adherent and 

non-adherent evaluation forms were compared using the Mann-Whitney U test. A significance 

level of 0.05 was used. 

5.4 RESULTS 

During the 4-month trial, a total of 732 evaluation forms were completed by the 23 physical 

therapists who participated in the quality improvement project. However, only 454 of these 

evaluation forms were included in the analyses since no follow-up information was available for 

278 patients. Table 7 demonstrates the number of evaluation forms that were included in the 

analysis of each clinical outcome. All 23 physical therapists completed all of the training 

provided. 

Twelve physical therapists were classified as adherent and 11 physical therapists as non-

adherent. All physical therapists were female with an average age of 38 years in the adherent 

group and 36 years in the non-adherent group. No statistical differences were found between the 

physical therapists based on their adherence rates. (Table 8) 

The number of evaluation forms classified as adherent was 397 and the number classified 

as non-adherent 57. The age of the patients was significantly different between the adherent and 

non-adherent evaluation forms (mean age 34 and 51 years, respectively) (p <0.001). There was 

no statistical difference between adherent and non-adherent evaluation forms in terms of gender 

of the patients (p =0.6), with higher percentages of females in both classifications of adherent 

and non-adherent evaluation forms (66 and 61%, respectively). Also, no statistical difference 
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was found in terms of duration of symptoms (p =0.6), with average duration of symptoms of 6 

weeks in the adherent evaluation forms and 9 weeks in the non-adherent evaluation forms. 

(Table 9) 

A mixed-factor repeated measures ANOVA was performed to compare baseline scores 

and discharge for the ABC. Baseline scores were significantly different between adherent and 

non-adherent evaluation forms (the average ABC baseline score was 73 points in adherent 

evaluation forms and 61 points in non-adherent evaluation forms, p = 0.001) and were added to 

the model as a covariate. Also, the model was adjusted for patients’ age since it was significantly 

different between adherent and non-adherent evaluation forms. The effect of baseline scores as a 

covariate was significant (p <0.001) and it explained 83% of the variance in the ABC scores. 

Also, the effect of patients’ age as a covariate was significant (p <0.001) and it explained 5% of 

the variance in the ABC scores.  There was a significant effect of time on the ABC scores (p 

<0.001) with a large effect size (partial eta squared= 0.4). The change in the ABC scores was 12 

points across both groups. There was no difference in the change in the ABC scores between the 

adherent and non-adherent evaluation forms (p = 0.4). In addition, the interaction between time 

and adherence was not significant (p=0.4) (Table 10)  

A mixed-factor repeated measures ANOVA was performed to compare baseline scores 

and discharge for the DHI. Baseline scores were not different between adherent and non-

adherent evaluation forms (p = 0.06). The model was adjusted for patients’ age since it was 

significantly different between adherent and non-adherent evaluation forms. The effect of 

patients’ age as a covariate was significant (p <0.001) and it explained 3% of the variance in the 

DHI scores. The effect of time on the DHI scores was significant (p < 0.001) with a moderate 

effect size (partial eta squared= 0.1). The change in the DHI scores was 17 points across both 
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groups. The difference between adherent and non-adherent evaluation forms in the change of the 

DHI scores was not significant (p = 0.3). Also, the interaction effect between time and adherence 

was not significant (p = 0.8). (See Table 10)  

There was no significant difference in the GRC between adherent and non-adherent 

evaluation forms (p = 0.4). The median scores were 5 for the adherent evaluation forms and 4.5 

for non-adherent evaluation forms (See Table 10). Also, there was a significant difference 

between the median of the GRC scores across groups of 5 and the MCID of 3 (p <0.001), which 

indicates that the overall change in the health status perceived by the patients was significantly 

higher than the MCID for the GRC. 

A post-hoc survey was provided to the physical therapists at the end of the 16-week 

period. Physical therapists were asked about the barriers to completing the three outcome 

measures (ABC, DHI, and GRC). Eleven physical therapists (52%) reported that they rarely 

faced any barriers with completing the outcome measures, five physical therapists (24%) said 

that patients often refused to complete the forms, five physical therapists (24%) claimed that 

time during the treatment sessions was not enough to complete them, four physical therapists 

(19%) said that they often forgot to complete the outcome measures, and two physical therapists 

(10%) reported that they often did not agree with the importance of these outcome measures to 

their specific patient.  

5.5 DISCUSSION 

The investigators determined the effect of a quality improvement project on clinical outcomes of 

persons with balance and vestibular disorders. Both adherent and non-adherent evaluation forms 
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demonstrated changes in the scores of the ABC, DHI, and GRC that had improved or were 

approaching the MCID and MDC. However, being adherent to the CDRs did not enhance the 

improvement in the ABC, DHI, and GRC scores compared to being non-adherent. Bekkering et 

al224 found that the guidelines implementation strategies they have used did not improve 

outcomes of patients with low back pain. In their study, the control group received the guidelines 

by email while the intervention group received education sessions, group discussion, role 

playing, feedback, and reminders.224 Also, they found improvement in the outcomes of patients 

treated by physical therapists in both groups, similar to our study.224  

 We compared the change in the ABC and DHI in this project to the change in the same 

measure from a study by Meretta et al225 which was performed in one of the 15 clinics 

participating in this quality improvement. The change in the ABC was similar (12 points) in both 

Meretta et al225 study and in this study. The change in the DHI was higher (17 points) in this 

study than Meretta et al225 study (11 points). This indicates that the results from this quality 

improvement in terms of improvement in the ABC and DHI were comparable to previous 

research. 

Cherkin and colleagues226 reported that providing education to clinicians did not enhance 

patient outcomes. Conversely, Fritz et al175 reviewed patients information retrospectively and 

classified patient records as adherent or non-adherent. They reported that patients who were 

treated in adherence to the guidelines showed greater improvement in disability and pain, and 

were more likely to achieve a successful physical therapy outcome than those receiving non-

adherent care. Adherence to clinical guidelines was found to enhance the clinical outcomes,175 

however, our results demonstrated no enhancement in the outcomes as a result of the CDRs 

implementation, which was supported by  Bekkering et al224 study. 
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The method to calculate adherence to guidelines has been reported to be arbitrary and 

there appears to be no convention on a specific definition of adherence.175 The definition of 

adherence that was used in this study may have been too liberal. Our adherence definition did not 

exclude over-utilized treatments, which may have led to a higher number of adherent evaluation 

forms than non-adherent evaluation forms. 

Also, the effect of engaging the clinicians in the development of the guidelines and to 

develop guidelines that are related to their clinical practice was reported to lead to better 

adherence.79 Physical therapists in our study were actively involved in the development of the 

CDRs over a 1.5 year period and apparently had developed decision rules that reflected their 

everyday practice, which may have led to higher number of adherent evaluation forms compared 

to non-adherent evaluation forms. 

Not all clinical outcomes in this study were related to specific CDRs. The CDR 

recommends a fall risk education program when a person’s score on the ABC was less than 70%. 

However, it is ideal to provide persons with balance and vestibular disorders with education 

regarding falls and other balance and vestibular problems whether or not it was recommended by 

the CDRs. Patient education in this study was frequently provided regardless of the ABC scores. 

Also, the DHI and GRC were not linked to any rule in the CDRs. It has been reported that 

measuring outcomes that are not responsive to the guidelines may contribute to the lack of 

effectiveness findings of guidelines on patients outcomes.227 The ABC, DHI and GRC were 

global clinical outcomes that the physical therapists chose to collect in this study as part of 

having the physical therapists involved in selecting the important indicators for persons with 

balance and vestibular disorders. Therefore, these global clinical outcomes might not have been 

responsive to the CDRs as they were not rules-specific clinical outcomes. 
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Most of the physical therapists reported no barriers to completing the outcome measures 

in the survey; however, 77 out of the 732 evaluation forms were missing the clinical outcomes 

data. The physical therapists were reminded to send the missing follow-up data and yet the data 

manager did not receive any information regarding these missing follow-ups. An electronic 

medical record would have allowed access to all follow up data if a different therapist had seen 

the patient or when the therapy was not completed. Electronic medical records have been 

reported to contain detailed and complete information compared to paper medical records.228,229 

One physical therapist (<1%) thought that introducing the GRC as an outcome measure 

was one of the benefits of the quality improvement project. In fact, many physical therapists 

reported during the competency testing/training that they started using the GRC form for patients 

with various diagnoses because they thought it is a useful measure. The physical therapists were 

asked for their ideas to improve the quality improvement project. One physical therapist (<1%) 

commented that the GRC should be part of the treatment diary to remind the therapists to 

complete it. One physical therapist (<1%) suggested that the GRC should be reworded so 

patients would complete it on their own instead of having the physical therapists read it to them. 

Overall, the responses on the survey from participating physical therapists seemed to reflect that 

they have perceived the GRC form positively. 

Future studies should focus on using outcome measures that are rules-specific, that is, 

should be responsive to the CDRs. Thus, more information would be available regarding the 

effect of adherence to guidelines on patients’ clinical outcomes. The use of electronic medical 

records should provide better follow-up compliance. 
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5.6 LIMITATIONS 

The physical therapists were required to indicate the plan of care during the initial evaluation 

form, however, they were not required to inform the investigators of any changes in the plan of 

care on subsequent visits, which could have changed the classification from adherent to non-

adherent or vice versa. 

Data were collected in this project by faxing evaluation forms, follow-up, and discharge 

data, which was time consuming and burdensome for the physical therapists. Electronic data 

entry might have decreased the amount of missing data and captured any changes in the plan of 

care. 

5.7 CONCLUSION 

To the best of our knowledge, this was the first study that compared the effect of a quality 

improvement project on clinical outcomes of persons with balance and vestibular disorders. Both 

adherent and non-adherent evaluation forms showed improvement based on the ABC, DHI, and 

GRC as outcome measures. This improvement was not different between the adherent and non-

adherent evaluation forms. 

 

 

 

 

 



  84 

 

 

 

 

 

 

 

 

 

Figure 6 The quality improvement project design. 
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Table 7 Number of evaluation forms for which discharge or last follow-up data were received 

for the adherent and non-adherent submitted evaluation forms. 

 ABC DHI GRC 

Total number of evaluation forms 732 732 732 

No show 77 77 77 

Missing 201 209 234 

Discharge or last follow-up data 

Adherent forms 

Non-adherent forms 

454 

397 

57 

446 

389 

57 

421 

367 

54 

Total number of evaluation forms was 732. 

ABC: Activities-specific Balance Confidence scale. 

DHI: Dizziness Handicap Inventory. 

GRC: Global Rating of Change. 

No show: the physical therapists reported that patient did not return for follow-up care. 

Missing: the physical therapists did not send follow-up data and did not report that the 

patients did not return for follow-up care. 

Discharge or last follow-up data: the physical therapists sent the follow-up data. 
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Table 8 Physical therapists’ characteristics (n= 23). 

Adherent (n=12) Non-adherent (n=11) p 

Age in years: mean (SD) 38 (11) 36 (9) 0.6 G

Highest degree earned: 0.7 D

BS: n (%) 1 (8%) 1 (9%) 

MS: n (%) 2 (17%) 0 (0%) 

DPT: n (%) 9 (75%) 10 (91%) 

Specialty certification 

(NCS): yes (%) 
2 (17%) 5 (45%) 0.2 D

Advanced Vestibular 

Training (Emory Course): 

yes (%) 

4 (33%) 6 (54%) 0.4 D

Total years of practice: 

mean (SD) 
13 (11) 12 (11) 0.8 G

Years of practice in 

balance and vestibular 

rehabilitation: mean (SD) 

5 (5) 8 (7) 
0.3 G

Employed full-time 8 (67%) 8 (73%) 1 D

SD: standard deviation 

BS: Bachelor degree 

MS: Masters degree 
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DPT: Doctor of Physical Therapy 

NCS: Neurologic Clinical Specialist 

D Fisher’s exact test 

G Independent t-test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8 (continued) 
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Table 9 Patients' demographics (n=454). 

 Adherent (n=397) Non-adherent (n=57) p 

Age of the patients in 

years: mean (SD), 

median (range) 

34 (22) 

25 (7-93) 

51 (26) 

57 (11-90) 
<0.001 E 

Gender: Female (%) 262 (66%) 35 (61%) 0.6 D 

Duration of 

symptoms in weeks: 

median (range) 

6 (1-764)* 9 (1-529) 0.4 E 

SD: standard deviation 

D Chi-Square test 

E Mann-Whitney test 

Effect size of the age difference was (r=0.22) 

*The data were missing for 3 patients in the adherent group. 
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Table 10 Mixed-factor ANOVA for the Activities-specific Balance Confidence scale (ABC) and 

Dizziness Handicap Inventory (DHI), and comparisons between adherent and non-adherent 

discharge scores for the Global Rating of Change (GRC). 

Group N 
Means (SD) Within Between Interaction 

Baseline Discharge p ES p ES p ES 

ABCD, 1: 

A 397 73 (24) 82 (22) 
<0.001 0.4 0.4 0.001 0.4 0.001 

NA 57 61 (26) 75 (23) 

DHID, 2: 

A 389 42 (22) 26 (24) 
<0.001 0.1 0.3 0.002 0.8 <0.001 

NA 57 48 (22) 31 (24) 

GRCE: 

A 367 - 5 (-5 - 7) 
- - 0.4 0.04 - - 

NA 54 - 4.5 (0 - 7) 

Groups: (A) Adherent and (NA) Non-adherent. N: number of evaluation forms. 

D Mixed-factor ANOVA. SD: standard deviation. P: p-value. ES: effect size (partial eta 

squared), where 0.01 = small effect, 0.06 = moderate effect, and 0.14 = large effect.219 

For the ABC: the effect of the baseline scores as a covariate was significant (p<0.001) with an 

effect size of 0.83, and the effect of patients’ age as a covariate was significant (p<0.001) with 

an effect size of 0.05. 



  90 

For the DHI: the effect of patients’ age as a covariate was significant (p<0.001) with an effect 

size of 0.03. 

1 Baseline scores were different between groups and were added as a covariate; also age was 

added as a covariate (it did not change the time effect nor the group effect, and it made the 

interaction effect 0.4 instead of 0.8). 

2 Baseline scores were not different between groups and were not added as a covariate. 

Patients’ age was added as a covariate (it did not change the time effect nor the group effect, 

and it made the interaction effect 0.8 instead of 0.7). 

E Mann-Whitney U test (Median and range were reported instead of mean and SD). 

P: p-value. ES: effect size (r), where 0.1 = small effect, 0.3 = moderate effect, and 0.5 = large 

effect.219 

 

 

 

 

 

 

 

 

Table 10 (continued) 
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6.0  GENERAL DISCUSSION 

The degree to which physical therapists were compliant to the important indicators (MDS) in 

persons with balance and vestibular disorders, and adherent to the evidence-based practice of 

balance and vestibular rehabilitation were unknown. This quality improvement project showed 

improvement in documentation (compliance to the MDS), increase in adherence to the CDRs, 

and decrease of over-utilized treatment. The behavioral interventions used in this project were 

educational material dissemination, compliance reminders, adherence reminders, and educational 

training. The educational training included a webinar, short test, and competency testing/ 

training. 

Improvement in completeness of documentation was found as a result of the compliance 

reminders. Adherence rates increased to the same level in both intervention and wait-listed 

groups after they had received the behavioral interventions (adherence reminders and educational 

training). The improvement of adherence rates resulted from the educational training rather than 

the adherence reminders since the weekly adherence rates in both groups did not seem to change 

after the physical therapists responded to the reminders. 

This quality improvement project did not show difference in the patients’ clinical 

outcomes between adherent and non-adherent evaluation forms. However, both adherent and 

non-adherent evaluation forms showed significant improvement in the discharge scores of the 

clinical outcomes relative to baseline scores. 
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The physical therapists participating in this project reported that it was a burdensome and 

time consuming mainly because of the paper-based data collection and faxing. An electronic data 

collection system was preferred by the participating physical therapist, such a data collection 

system that electronically reminds the physical therapists regarding compliance to the MDS and 

adherence to the CDRs. 

Educational training and competency testing sessions: 

Three face-to-face sessions were scheduled at week 8 for the intervention group and week 12 for 

the wait-listed group. Instruction regarding the over-utilization of treatment was provided as part 

of the educational training. 

Among physical therapists in both groups the following interesting variations in care 

were noted during the competency testing. There were wide differences in how persons 

performed the dynamic visual acuity testing. All had access to metronomes and the correct chart, 

but the speed and the position in which it was tested varied by setting. Some did the test in 

sitting, some in standing and the speed varied between 1 and 2 Hz. Those with less experience 

also frequently did not move the head at a high enough velocity for the head impulse test. About 

20% of physical therapists moved the head outwards rather than inwards. There is less risk to the 

patient and the facility if the head is moved rapidly into the center (head in neutral) rather than 

rotating the head outwards in the yaw plane.  It was suggested that all physical therapists during 

WUDLQLQJ�PLQLPL]H�ULVN�E\�EULQJ�WKH�KHDG�LQ�WR�WKH�FHQWHU���ƕ�� 

Most therapists were able to competently perform the Dix-Hallpike but several 

(approximately 20%) had to be reminded to keep the head extended while performing the 

modified Epley when moving the head from position one (initial head hanging) to position two 

�KHDG�URWDWHG���ƕ�WR�WKH�RSSRVLWH�VLGH���:KHQ�WKH�KHDG�IOH[HV�GXULQJ�WKH�WUDQVLWLRQ�IURP�SRVLWLRQ�
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1 to 2 above, it is possible to convert a posterior canal to a horizontal canal benign paroxysmal 

positional vertigo.230 Canal conversion would make the patient worse and possibly prolong their 

treatment time, thus make the physical therapists less efficient in their care.230 In addition, about 

20% of the physical therapists made safety errors when demonstrating the Epley maneuver by 

not holding onto the patient after they resumed the sitting position. Donning and doffing the 

goggles was also included as part of the competency testing, as it is easy to shear off an older 

persons skin when removing the goggles. Having the patient remove the goggles was reviewed 

with all therapists during the competency testing as part of our goal of improving care and 

reducing risk in persons with vestibular disorders.  

The competency testing took a minimum of 20 to 30 minutes per person. Questions were 

answered about the quality improvement project and other questions that they had about 

vestibular rehabilitation were also answered during the 1:1 or 1:2 educational sessions. Each 

physical therapist performed the testing on either an aide in the clinic or another neurologic 

physical therapist. 

6.1 LIMITATIONS 

One of the limitations in this quality improvement project was that treatment categories were 

generic and could cover a wide variety of treatment modalities and exercises, which might have 

led to the over-utilization of treatment. Moreover, the CDRs that we developed were positive 

rules only. No clinical decision rules were provided for cases were clinical examinations were 

negative. 
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Faxing the evaluation forms and clinical outcomes was time consuming and increased the 

burden on the physical therapists. Moreover, some faxes were blank or not a complete form due 

to sending via fax, which consumed more time and effort from the physical therapists to retrieve 

the patient information and re-fax them. Also, faxing the clinical outcomes might have led to the 

missing follow-up and discharge data. We planned to use electronic medical records, however, 

for resources consideration that was not possible. If such electronic method has been used, we 

believe that the completeness of data might have been better, the completeness of follow-ups 

would also have been better (since in many cases the patient was seen by another physical 

therapist at follow up and thus follow up outcome measure were missing even though we 

attempted to remind the physical therapists to send the most recent ones). 

Also, we had small sample of physical therapists in our project, which might decrease the 

power of the study.218 Among the limitations in this project was that the physical therapists were 

required to indicate the plan of care by choosing one or more of the pre-determined treatment 

categories, however, they were not required to inform us of any changes in the plan of care 

changed on the subsequent visit, which could change the classification from adherent to non-

adherent or vice versa. 

6.2 FUTURE RESEARCH 

Future research should focus the development of a more specific CDRs that have rules for 

positive and negative results of clinical examinations. Implementation of prompt reminders that 

are integrated within the electronic medical records in a way that a physical therapist would have 

to complete all required items on the form before submitting it would be optimal. The physical 
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therapists could then choose the appropriate treatment categories according to the CDRs as they 

would be unable to submit their electronic evaluation forms unless justifying their decisions. 

Moreover, using outcome measures that are rules specific would provide a conclusive judgment 

regarding the benefits of implementing CDRs, that is, the clinical outcomes should be responsive 

to the CDRs. Thus, more information would be available regarding the effect of adherence to 

guidelines on patients’ clinical outcomes. Also, a definition of adherence that account for over-

utilization of treatment would help in identifying those who are adherent and decrease the 

overlap between adherent and non-adherent evaluation forms. 

A design that has a pre quality improvement period (baseline) would give more 

information on the behavior of physical therapists before any intervention was provided 

including the dissemination of educational materials and compliance reminders. Quality 

improvement projects should be continuous and ongoing; it is not the type of research that ends 

at the end of data collection. The importance of the continuity part of quality improvement is 

best illustrated by this example: a multifaceted intervention to improve physicians’ management 

of depression in Sweden revealed decreases in suicide rates, however, after a 3 year follow up, 

suicide rates returned to the previous levels as physicians’ management of depression had 

changed. Thus, the authors recommended follow-up and continuous education.90,91 

6.3 CONCLUSION 

 

To the best of our knowledge, this was the first quality improvement project in the balance and 

vestibular rehabilitation. This quality improvement project was effective in demonstrating the 
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same level of improvement in adherence to the CDRs between groups. Both groups’ adherence 

levels improved over the 16-week study. Over-utilization of treatment decreased as a result of 

this quality improvement project. Also, completeness of the evaluation forms (MDS) improved 

over the 16 weeks of study (mainly the first 4 weeks), which means improvement in 

documentation. 

We could not anticipate that the high adherence rates from the beginning of the project 

were as a result of the educational materials dissemination since the compliance rates were low 

at the start of the project. The educational material that was disseminated covered both the MDS 

and CDRs. Therefore, the high adherence rates in both groups from the beginning of this project 

might be because the rules were broad. The CDRs were developed and agreed upon by most of 

the participating physical therapists and seemed to reflect what the participating physical 

therapists do in their clinics in every day practice, which might explain the high adherence rates.  

Among our behavioral intervention strategies the email reminders and on-site educational 

sessions were considered the most beneficial. Although we cannot conclusively determine the 

effect of the passive methods (educational materials dissemination and educational webinar) we 

would say that an active in-person educational sessions and email reminders appeared to be 

effective in changing the clinical behavior of the physical therapists in this study. 

Although both adherent and non-adherent evaluation forms showed substantial 

improvement on the outcomes, the difference between the adherent and non-adherent forms was 

trivial in all three outcomes. Physical therapists in this project were engaged in the development 

of CDRs and it reflected their daily practice which may contribute to the high adherence with the 

CDRs, and therefore high scores on the clinical outcomes. 
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APPENDIX A 

BALANCE AND VESTIBULAR EVALUATION FORM 
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APPENDIX B 

CONCUSSION EVALUATION FORM 
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APPENDIX C 

CONTRAINDICATIONS TO BALANCE AND VESTIBULAR TESTING 

Dizziness Handicap Inventory (DHI): 

• Cognitively impaired 
• No complaint of dizziness 
• The person is blind without someone available to help with completing the form 
• Unable to read 
• Patient arrived late 
• Patient refused 
• Family completed 

 
 
Head Thrust test (HTT): 

• Artery issues 
• Cervical fracture 
• Cord compression 
• Occluded vertebral artery(ies) 
• Positive sharps-purser test 
• Recent cervical fusion 
• Report of clunking in the neck s/p MVA- no MRI available 
• Severe motion sickness 
• Severe anxiety 
• Severely restricted neck motion 
• Significant nausea 
• Significant neck pain 
• Suspected cervical instability 
• Unable to relax neck musculature 
• Wearing cervical collar  
• Patient refused 
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Dynamic Visual Acuity (DVA): 

• Can’t see the chart  
• Cervical fracture 
• Corrective lenses not available 
• Forget glasses 
• Mute 
• Recent cervical fusion 
• Restricted neck motion 
• Sensitive to head having touched 
• Severe anxiety 
• Severe motion sickness 
• Severe nausea 
• Significant dizziness 
• Significant neck pain 
• Suspected instability 
• Unable to relax neck musculature 
• Visual impairment (interferes with static acuity) 
• Wearing cervical collar 
• Patient refused 

 
 
Vestibulo-ocular reflex (VOR) cancellation: 

• Unable to test- patient too motion sensitive  
 

Convergence: 

• There were no indications to perform vergence testing 
 

Positional testing: 

• Cardiovascular pathology: 
¾ Cardiac bypass < last 3 months 
¾ Cardiac dysrhythmia 
¾ Cardiovascular disease 
¾ Carotid sinus syncope 
¾ Carotid stenosis 
¾ Vascular dissection syndrome 
¾ Vertebral artery stenosis 
¾ Vertebrobasilar vascular disease (insufficiency) 

• Vertebral spine pathology: 
¾ Acute neck trauma 
¾ Aplasia odontoid process 
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¾ Back pathology 
¾ Cervical myelopathy 
¾ Cervical soft tissue disorders 
¾ Cervical spine disease 
¾ Cervical spine fracture 
¾ Cervical spine instability (atlantoaxial subluxation) 
¾ Cervical spine spondylosis 
¾ Fractured odontoid peg 
¾ Nerve root compression 
¾ Previous cervical spine surgery 
¾ Prolapsed intervertebral disc        with radiculopathy 
¾ Spinal injury 

• > 6 months pregnant (Roll test) 
• Arnold-Chiari malformation 
• BP parameters 
• Detached retina 
• Medical fitness 
• Occipitoatlantal instability (Down’s syndrome) 
• Orthopnea/ sleep apnea 
• Recent eye surgery 
• Recent stroke 
• Rheumatoid arthritis 
• Patient refused 

 

Balance: 

• Not safe to test 
• Patient does not stand 
• Patient missing a limb 

 

Gait speed: 

• Cannot walk 4 meters 
• Dangerous to walk with you (no help available) 
• Does not ambulate (wheelchair bound) 

 

The Activities-specific Balance Confidence (ABC) scale: 

• Not able to read (blind) and no help available 
• Patient arrived late- did not complete 
• Patient reports no problems with their balance 
• Patient refused 
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The Dynamic Gait Index 4-item (DGI 4-item): 

• Cannot follow directions 
• Dangerous to walk alone (no help available) 
• Does not ambulate (wheelchair bound) 

 



  107 

APPENDIX D 

CLINICAL DECISION RULES 

Test/examination Clinical decision rules 

History of falls If the patient reports one or more falls in the previous six months, then 

provide the falls education packet 

Head thrust test 

(HTT) 

If head thrust test is positive, then do gaze stabilization exercises 

Dynamic visual 

acuity (DVA) 

If the patient loses greater than 2 lines on the clinical DVA test, then do 

gaze stabilization exercises 

Convergence If the patient has difficulty with vergence (defined as a near point of 

convergence greater than 6 cm from the tip of the nose), then do 

convergence exercises 

Vestibulo-ocular 

reflex (VOR) 

cancellation 

If symptoms increase with VOR cancellation, then do optokinetic training 

Positional testing - If the patient demonstrates a positive Dix-Hallpike on the left (upbeating 

torsional nystagmus that fatigues), then do the left canalith repositioning 

maneuver (CRM) 

- If the patient shows a positive Dix-Hallpike on the right (upbeating 

torsional nystagmus that fatigues), then do a right CRM 

- If the patient shows a positive roll test to the right or left, then do the log 

roll maneuver (as part of CRM category) 

Balance [the 

Modified Clinical 

If the patient fails to complete any of the mCTSIB items as described, then 

work on static standing and/or dynamic standing activities  
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Test of Sensory 

Interaction and 

Balance 

(mCTSIB)] 

Criteria for indication: 

- Stood less than 30 seconds per trial 

- Movement of the hands from the start position 

- Eye opening when their eyes are to be closed 

- Movement of the feet on the floor 

Gait speed If gait speed is less than 0.8 m/s, then provide ambulation program 

Activities-specific 

Balance 

Confidence 

(ABC) 

If patient’s ABC is less than 70%, then provide education to increase 

his/her balance confidence 

Dynamic gait 

index (DGI-4 

item) 

If DGI-4 is less than 12, work on an ambulation program 
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APPENDIX E 

SHORT TEST 

Question % Number responded 

1. If the patient reports that he/she gets dizzy when getting 

out of bed, moving his/her head quickly, and rolling in bed, 

your management should be: 

  

A) Perform positional testing 96 23 

B) Provide a canalith repositioning maneuver (CRM) 4 1 

C) None of the above 0 0 

2. A score of 70 on the DHI indicates:   

A) Mild handicap 0 0 

B) Moderate handicap 4 1 

C) Severe Handicap 96 23 

3. During the head thrust test, when the eyes make a 

corrective saccade: 

  

A) The test is negative 0 0 

B) The test is positive 100 24 
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4. In a positive DVA test (the patient loses >2 lines), the 

clinical decision rule is to: 

  

A) Perform a Dix-Hallpike 0 0 

B) Provide ambulation training 0 0 

C) Provide gaze stabilization exercises 100 24 

5. Optokinetic training is the clinical decision rule when:   

A) Their convergence test results are abnormal 4 1 

B) The Activities-specific Balance Confidence (ABC) scale is 

<70 

0 0 

C) When VOR cancellation increases the patient's symptoms 96 23 

6. The clinical decision rule for convergence test defines the 

cut-off value as: 

  

A) 3 cm 0 0 

B) 4 cm 8 2 

C) 6 cm 92 22 

7. BPPV is characterized by:   

A) Brief episodes of vertigo that last less than 1 minute and 

occur with changes of head orientation 

100 24 

B) Brief episodes of vertigo that last greater than 2 minutes and 

occur with changes of head orientation 

0 0 

8. According to the clinical decision rule, if the patient fails 

to complete any of the mCTSIB items, __________________ 

should be initiated. 
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A) Balance activities 100 24 

B) The canalith repositioning maneuver 0 0 

C) Eye-head activities 0 0 

9. The optimal cut-off score for our evidence-based rule for 

gait speed is: 

  

A) < 1 m/s 33 8 

B) < 0.6 m/s 4 1 

C) < 0.8 m/s 63 15 

10. According to our clinical decision rules, if the patient’s 

Activities-specific Balance Confidence scale is less than 70%, 

then we should: 

  

A) Provide optokinetic training 0 0 

B) Provide patient education 100 24 

C) Provide Eye-head activities 0 0 
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APPENDIX F 

BALANCE AND VESTIBULAR PYSICAL THERAPY DIAGNOSIS AND ICD-9 CODES 

ICD-9  Diagnosis 

781.2  Abnormality of gait 

 386.2  Vertigo of central origin 

850.9  Concussion, unspecified 

780.4  Dizziness and giddiness 

386.11  Benign paroxysmal positional vertigo (BPPV) 

 850  Concussion 

386.53  Hypoactive labyrinth, unilateral 

386.9  Unspecified vertiginous syndromes and labyrinthine disorders 

 386  Vertiginous syndromes and other disorders of vestibular system 

386.4  Labyrinthine fistula 

 346  Migraine 

781.3  Lack of coordination 

334.2  Primary cerebellar degeneration 

384.2  Perforation of tympanic membrane 



  113 

386.12  Vestibular neuronitis 

386.5  Labyrinthine dysfunction 

386.54  Hypoactive labyrinth, bilateral 

386.1  Other and unspecified peripheral vertigo 

850.1  Concussion with brief loss of consciousness 

850.12  Concussion, with loss of consciousness from 31 to 59 minutes 

850.4 
Concussion with prolonged loss of consciousness, without return to pre-existing 

conscious level 

346.90 
Migraine, unspecified, without mention of intractable migraine without mention 

of status migrainosus 

850.2  Concussion with moderate loss of consciousness 

310.2  Post-concussion syndrome 

850.11  Concussion, with loss of consciousness of 30 minutes or less 
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APPENDIX G 

POST-HOC SURVEY 

Question % Number responded 

Multiple choices questions:   

1. What were the barriers to complete the required items on 

the vestibular and concussion initial evaluation forms: 

(please check all that apply) 

 21 

Patients often refused to perform or complete the required items 14 3 

Lack of time during initial evaluation 81 17 

Lack of knowledge on how to perform some of the clinical tests 0 0 

Did not know which items were required 0 0 

I often forgot to complete the required items 0 0 

I often did not agree with the importance of these required items 

to my specific patient 

24 5 

I rarely faced any barriers to complete the required items 19 4 

2. What were the barriers to adhere to the CDRs: (please 

check all that apply) 

 21 
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Patients often refused the indicated treatment 0 0 

Lack of knowledge of the CDRs 0 0 

I often forgot to check the treatment categories that I plan to 

provide to my patients 

24 5 

I often did not agree with the CDRs 0 0 

I rarely faced any barriers to adhere to the CDRs 81 17 

3. What were the barriers to complete the three outcome 

measures (ABC, DHI, and GRC) on follow-ups and at 

discharge: (please check all that apply) 

 21 

Patients often refused to complete these outcome measures 24 5 

Lack of time during treatment sessions 24 5 

Lack of knowledge on how to complete these outcome measures 0 0 

Did not know which outcome measures were required 0 0 

I often forgot to complete these outcome measures 19 4 

I often did not agree with the importance of these outcome 

measures to my specific patient 

9 2 

I rarely faced any barriers to complete these outcome measures 52 11 

4. Would you prefer that the email reminders for compliance 

and adherence be replaced with prompt electronic reminders 

that are integrated with an electronic medical record (or 

forms)? (Please choose one) 

 21 

Yes 81 17 

No 19 4 
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5. What do you think of the Balance and vestibular Quality 

Improvement project? (Please choose one) 

 21 

I think it helped to improve the quality of my patient care 57 12 

I think it did not change the quality of my patient care 43 9 

Open ended Questions   

6. Were there any benefits to you from your participation in 

the QI project? 

 11 

1st response: Learning consistent measurement for outcomes 

 

  

2nd response: Yes, it helped to direct my patient care and goal 

setting 

  

3rd response: Review of tests and assessment of each clinic (and 

therapists) technique 

  

4th response: Kept me more organized More focused   

5th response: I think I did a more complete and comprehensive 

evaluation 

  

6th response: Routine objective data!   

7th response: Help guide my treatment by having a problem list 

in front of me 

  

8th response: Extra training. Establishment of CDRs. Use of 

GRC 

  

9th response: It did make me more thorough in my evaluation. 

Made me think about which tests were the most important to 
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complete at the first visit  

10th response: Made me think a little more about why I chose 

certain treatments; good for students 

  

11th response: Increased consistent evaluation   

7. Where there any negative aspects to the QI project?  14 

1st response: The faxing was necessary but did take time   

2nd response: Administrative time to fax information was time 

consuming, and did not always have office staff to assist 

  

3rd response: Very time consuming    

4th response: Getting a reminder that something was not 

completed in the initial evaluation when it was my understanding 

we had two sessions to complete it 

  

5th response: No   

6th response: Having to perform measures that I did not feel fit 

the patient at times  

  

7th response: Having to fax form rather than input data to a 

database such as the LBI project 

  

8th response: One more thing for us AND secretaries to do. 

Sometimes I didn't feel that the "required" items allowed for our 

clinical judgment. I was always concerned that if I decided it 

didn't make sense to do a particular test, that I would be taken to 

task in some way for that  

  

9th response: Time consuming- one more thing to do! I had to   
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personally complete all aspects of it as aide assistance was rarely 

available to assist. I just sent data with each visit (rather than 

every 2 weeks) as it was difficult to keep track of which needed 

to be sent in every 2 weeks 

10th response: The time it took to complete and fax the required 

information 

  

11th response: I think that QI, in general, is good for young or 

novice clinicians. However, it is a time-burden for experienced 

clinicians who already manage patients according to the 

guidelines. There are more cases of exceptions that you would 

imagine. There are not good ways to manage patients who are 

atypical with traditional QI 

  

12th response: Time requirement, although became easier as the 

project progressed; fax machine down occasionally 

  

13th response: Faxing was a bit cumbersome- but I don't know 

how else you could have accomplished this 

  

14th response: Took too much time to fax all the information. 

The only reason I did not feel like it helped me and my practice 

as much because I feel that these were items I was already 

assessing and following up with 

  

8. How could we have made this QI project better?  9 

1st response: Electronic medical records would make data 

collection MUCH easier 
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2nd response: Hopefully in the future, less paper, electronic 

documentation, program that scores the outcome measures 

automatically, possibly the ABC, DHI, GRC etc. on an ipad or 

computer 

  

3rd response: Integrate the GRC into the daily treatment diary as 

a reminder to complete it 

  

4th response: Method of collecting the data   

5th response: Having special forms with the required data would 

make the project more clear, for instance the GRC was not a part 

of the evaluation or progress notes 

  

6th response: I think that there should have been a standard form 

to fax in for the data. Easy to fill in rather than making our own 

  

7th response: The GRC is a good idea; but in practice was 

difficult to complete - because it should be in a format that it can 

be given to the patient and completed. Because of the wording, it 

had to be asked directly to the patients - and then the accuracy 

was suspect. The clinical decision rule regarding 4-Item DGI - 

not sure on this one. If 10 triggers gait activities, ok; but if 11/12 

triggers, this is too stringent. There are too many kids who just 

walk slowly. The overall process will be easier once electronic; 

doing it via paper is way too time-consuming 

  

8th response: I don't think you could have....you did a great job!   

9th response: I think this is not an ideal project to while we still   
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document on paper. I think once we document electronically and 

this information can just be collected from data input with 

documentation that that would make it much easier. If it had to 

be done again while we still did paper documentation, having a 

system set up similar to the LBI project would help where data is 

entered online and followed in that regard  

 



  121 

BIBLIOGRAPHY 

1. McGlynn EA, Brook RH. Keeping quality on the policy agenda. Health Aff (Millwood). 
2001;20(3):82-90. 

2. (IOM) IoM. Crossing the Quality Chasm: A New Health System for the 21st Century. 
Washington, D.C.2001. 

3. Burhans LD. What is quality? Do we agree, and does it matter? J Healthc Qual. 
2007;29(1):39-44, 54. 

4. DeLisa JA. Physiatry: medical errors, patient safety, patient injury, and quality of care. 
Am J Phys Med Rehabil. 2004;83(8):575-583. 

5. Reason J. Understanding adverse events: human factors. Quality in Health Care. 
1995;4(2):80-89. 

6. Reason J. Human error: models and management. BMJ. 2000;320(7237):768-770. 
7. (IOM) IoM. To Err Is Human: Building a Safer Health System. Washington, D.C.1999. 
8. Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis Campaign guidelines for 

management of severe sepsis and septic shock. Intensive Care Med. 2004;30(4):536-555. 
9. Shojania KG, Wald H, Gross R. Understanding medical error and improving patient 

safety in the inpatient setting. Med Clin North Am. 2002;86(4):847-867. 
10. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR. 

Epidemiology of severe sepsis in the United States: analysis of incidence, outcome, and 
associated costs of care. Crit Care Med. 2001;29(7):1303-1310. 

11. Larson CO, Nelson EC, Gustafson D, Batalden PB. The relationship between meeting 
patients' information needs and their satisfaction with hospital care and general health 
status outcomes. Int J Qual Health Care. 1996;8(5):447-456. 

12. Zangaro GA, Soeken KL. A meta-analysis of studies of nurses' job satisfaction. Res Nurs 
Health. 2007;30(4):445-458. 

13. Shortell SM, Jones RH, Rademaker AW, et al. Assessing the impact of total quality 
management and organizational culture on multiple outcomes of care for coronary artery 
bypass graft surgery patients. Medical care. 2000;38(2):207-217. 

14. Ho SJ, Chan L, Kidwell RE, Jr. The implementation of business process reengineering in 
American and Canadian hospitals. Health Care Manage Rev. 1999;24(2):19-31. 

15. Baer M, Frese M. Innovation is not enough: climates for initiative and psychological 
safety, process innovations, and firm performance. Journal of Organizational Behavior. 
2003;24(1):45-68. 

16. Repenning NP, Sterman JD. Capability Traps and Self-Confirming Attribution Errors in 
the Dynamics of Process Improvement. Administrative Science Quarterly. 
2002;47(2):265-295. 



  122 

17. Alemi F, Safaie FK, Neuhauser D. A survey of 92 quality improvement projects. Jt 
Comm J Qual Improv. 2001;27(11):619-632. 

18. Jarlier A, Charvet-Protat S. Can improving quality decrease hospital costs? International 
journal for quality in health care : journal of the International Society for Quality in 
Health Care / ISQua. 2000;12(2):125-131. 

19. System TCFCoaHPH. Why Not the Best? Results from a National Scorecard on U.S. 
Health System Performance. New YorkSeptember 2006. 

20. McGlynn EA, Asch SM, Adams J, et al. The quality of health care delivered to adults in 
the United States. N Engl J Med. 2003;348(26):2635-2645. 

21. Yasaitis L, Fisher ES, Skinner JS, Chandra A. Hospital quality and intensity of spending: 
is there an association? Health Aff (Millwood). 2009;28(4):w566-572. 

22. Porter ME. What Is Value in Health Care? New England Journal of Medicine. 
2010;363(26):2477-2481. 

23. Grimshaw JM, Thomas RE, MacLennan G, et al. Effectiveness and efficiency of 
guideline dissemination and implementation strategies. Health Technol Assess. 
2004;8(6):iii-iv, 1-72. 

24. Grol R, Grimshaw J. From best evidence to best practice: effective implementation of 
change in patients' care. Lancet. 2003;362(9391):1225-1230. 

25. Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson MA. Closing the gap 
between research and practice: an overview of systematic reviews of interventions to 
promote the implementation of research findings. The Cochrane Effective Practice and 
Organization of Care Review Group. BMJ. 1998;317(7156):465-468. 

26. Grol R, Wensing M. What drives change? Barriers to and incentives for achieving 
evidence-based practice. Med J Aust. 2004;180(6 Suppl):S57-60. 

27. Grol R. Successes and failures in the implementation of evidence-based guidelines for 
clinical practice. Med Care. 2001;39(8 Suppl 2):II46-54. 

28. Schuster MA, McGlynn EA, Brook RH. How good is the quality of health care in the 
United States? 1998. Milbank Q. 2005;83(4):843-895. 

29. Becher EC, Chassin MR. Improving the quality of health care: who will lead? Health Aff 
(Millwood). 2001;20(5):164-179. 

30. Li LC, Moja L, Romero A, Sayre EC, Grimshaw JM. Nonrandomized quality 
improvement intervention trials might overstate the strength of causal inference of their 
findings. J Clin Epidemiol. 2009;62(9):959-966. 

31. Werley HH, Devine EC, Zorn CR, Ryan P, Westra BL. The Nursing Minimum Data Set: 
abstraction tool for standardized, comparable, essential data. Am J Public Health. 
1991;81(4):421-426. 

32. Hayward RS, Wilson MC, Tunis SR, Bass EB, Guyatt G. Users' guides to the medical 
literature. VIII. How to use clinical practice guidelines. A. Are the recommendations 
valid? The Evidence-Based Medicine Working Group. JAMA. 1995;274(7):570-574. 

33. Agrawal Y, Carey JP, Della Santina CC, Schubert MC, Minor LB. Disorders of balance 
and vestibular function in US adults: data from the National Health and Nutrition 
Examination Survey, 2001-2004. Arch Intern Med. 2009;169(10):938-944. 

34. Mira E. Improving the quality of life in patients with vestibular disorders: the role of 
medical treatments and physical rehabilitation. Int J Clin Pract. 2008;62(1):109-114. 

35. Pothula VB, Chew F, Lesser TH, Sharma AK. Falls and vestibular impairment. Clin 
Otolaryngol Allied Sci. 2004;29(2):179-182. 



  123 

36. Cohen HS, Wells J, Kimball KT, Owsley C. Driving disability and dizziness. J Safety 
Res. 2003;34(4):361-369. 

37. Neuhauser HK, von Brevern M, Radtke A, et al. Epidemiology of vestibular vertigo: a 
neurotologic survey of the general population. Neurology. 2005;65(6):898-904. 

38. Cohen HS, Kimball KT, Adams AS. Application of the vestibular disorders activities of 
daily living scale. Laryngoscope. 2000;110(7):1204-1209. 

39. Cohen H. Vestibular rehabilitation reduces functional disability. Otolaryngol Head Neck 
Surg. 1992;107(5):638-643. 

40. Jacob R, Woody S, Clark D, et al. Discomfort with space and motion: A possible marker 
of vestibular dysfunction assessed by the situational characteristics questionnaire. 
JOURNAL OF PSYCHOPATHOLOGY AND BEHAVIORAL ASSESSMENT. 
1993;15(4):299-324. 

41. Jacob RG, Redfern MS, Furman JM. Space and motion discomfort and abnormal balance 
control in patients with anxiety disorders. J Neurol Neurosurg Psychiatry. 2009;80(1):74-
78. 

42. Faag C, Bergenius J, Forsberg C, Langius-Eklof A. Symptoms experienced by patients 
with peripheral vestibular disorders: evaluation of the Vertigo Symptom Scale for clinical 
application. Clin Otolaryngol. 2007;32(6):440-446. 

43. Evans TH, Schiller LR. Chronic vestibular dysfunction as an unappreciated cause of 
chronic nausea and vomiting. Proc (Bayl Univ Med Cent). 2012;25(3):214-217. 

44. Strupp M, Arbusow V, Brandt T. Exercise and drug therapy alter recovery from labyrinth 
lesion in humans. Ann N Y Acad Sci. 2001;942:79-94. 

45. Schubert MC, Minor LB. Vestibulo-ocular physiology underlying vestibular 
hypofunction. Phys Ther. 2004;84(4):373-385. 

46. Demer JL, Honrubia V, Baloh RW. Dynamic visual acuity: a test for oscillopsia and 
vestibulo-ocular reflex function. Am J Otol. 1994;15(3):340-347. 

47. Goebel JA, Tungsiripat N, Sinks B, Carmody J. Gaze stabilization test: a new clinical test 
of unilateral vestibular dysfunction. Otol Neurotol. 2007;28(1):68-73. 

48. Whitney SL, Marchetti GF, Pritcher M, Furman JM. Gaze stabilization and gait 
performance in vestibular dysfunction. Gait Posture. 2009;29(2):194-198. 

49. Brandt T, Schautzer F, Hamilton DA, et al. Vestibular loss causes hippocampal atrophy 
and impaired spatial memory in humans. Brain. 2005;128(Pt 11):2732-2741. 

50. Badaracco C, Labini FS, Meli A, Tufarelli D. Oscillopsia in labyrinthine defective 
patients: comparison of objective and subjective measures. Am J Otolaryngol. 
2010;31(6):399-403. 

51. Karatas M. Central vertigo and dizziness: epidemiology, differential diagnosis, and 
common causes. Neurologist. 2008;14(6):355-364. 

52. Kerber KA, Brown DL, Lisabeth LD, Smith MA, Morgenstern LB. Stroke among 
patients with dizziness, vertigo, and imbalance in the emergency department: a 
population-based study. Stroke. 2006;37(10):2484-2487. 

53. Neuhauser HK. Epidemiology of vertigo. Curr Opin Neurol. 2007;20(1):40-46. 
54. Warner EA, Wallach PM, Adelman HM, Sahlin-Hughes K. Dizziness in primary care 

patients. J Gen Intern Med. 1992;7(4):454-463. 
55. Kroenke K, Lucas CA, Rosenberg ML, et al. Causes of persistent dizziness. A 

prospective study of 100 patients in ambulatory care. Annals of internal medicine. 
1992;117(11):898-904. 



  124 

56. Furman JM, Jacob RG. A clinical taxonomy of dizziness and anxiety in the 
otoneurological setting. J Anxiety Disord. 2001;15(1-2):9-26. 

57. Mendel B, Bergenius J, Langius A. Dizziness symptom severity and impact on daily 
living as perceived by patients suffering from peripheral vestibular disorder. Clin 
Otolaryngol Allied Sci. 1999;24(4):286-293. 

58. Guinand N, Pijnenburg M, Janssen M, Kingma H. Visual acuity while walking and 
oscillopsia severity in healthy subjects and patients with unilateral and bilateral vestibular 
function loss. Arch Otolaryngol Head Neck Surg. 2012;138(3):301-306. 

59. Bronstein AM. Vision and vertigo: some visual aspects of vestibular disorders. J Neurol. 
2004;251(4):381-387. 

60. Bender MB. Oscillopsia. Arch Neurol. 1965;13:204-213. 
61. Kim S, Oh YM, Koo JW, Kim JS. Bilateral vestibulopathy: clinical characteristics and 

diagnostic criteria. Otol Neurotol. 2011;32(5):812-817. 
62. Lilienfeld SO, Jacob RG, Furman JM. Vestibular dysfunction followed by panic disorder 

with agoraphobia. J Nerv Ment Dis. 1989;177(11):700-701. 
63. Balaban C, Jacob R. Background and history of the interface between anxiety and 

vertigo. J Anxiety Disord. 2001;15(1-2):27-51. 
64. Black FO, Angel CR, Pesznecker SC, Gianna C. Outcome analysis of individualized 

vestibular rehabilitation protocols. Am J Otol. 2000;21(4):543-551. 
65. Cohen HS, Kimball KT. Changes in a repetitive head movement task after vestibular 

rehabilitation. Clin Rehabil. 2004;18(2):125-131. 
66. Whitney SL, Rossi MM. Efficacy of vestibular rehabilitation. Otolaryngol Clin North 

Am. 2000;33(3):659-672. 
67. Meli A, Zimatore G, Badaracco C, De Angelis E, Tufarelli D. Vestibular rehabilitation 

and 6-month follow-up using objective and subjective measures. Acta Otolaryngol. 
2006;126(3):259-266. 

68. Helmchen C, Klinkenstein JC, Kruger A, Gliemroth J, Mohr C, Sander T. Structural 
brain changes following peripheral vestibulo-cochlear lesion may indicate multisensory 
compensation. J Neurol Neurosurg Psychiatry. 2011;82(3):309-316. 

69. Shepard NT, Telian SA, Smith-Wheelock M, Raj A. Vestibular and balance rehabilitation 
therapy. Ann Otol Rhinol Laryngol. 1993;102(3 Pt 1):198-205. 

70. Parnes LS, Price-Jones RG. Particle repositioning maneuver for benign paroxysmal 
positional vertigo. Ann Otol Rhinol Laryngol. 1993;102(5):325-331. 

71. Brown KE, Whitney SL, Marchetti GF, Wrisley DM, Furman JM. Physical therapy for 
central vestibular dysfunction. Archives of physical medicine and rehabilitation. 
2006;87(1):76-81. 

72. Carnett WG. Clinical practice guidelines: a tool to improve care. J Nurs Care Qual. 
2002;16(3):60-70. 

73. Freburger JK, Carey TS, Holmes GM. Physical therapy for chronic low back pain in 
North Carolina: overuse, underuse, or misuse? Phys Ther. 2011;91(4):484-495. 

74. Henry J, Ginn GO. Violence prevention in healthcare organizations within a total quality 
management framework. J Nurs Adm. 2002;32(9):479-486. 

75. McCannon CJ, Berwick DM, Massoud MR. The science of large-scale change in global 
health. JAMA : the journal of the American Medical Association. 2007;298(16):1937-
1939. 



  125 

76. Loeb JM. The current state of performance measurement in health care. Int J Qual Health 
Care. 2004;16 Suppl 1:i5-9. 

77. Scarnati JT, Scarnati BJ. Empowerment: the key to quality. The TQM Magazine. 
2002;14(2):110-119. 

78. Weisman CS, Grason HA, Strobino DS. Quality management in public and community 
health: examples from women's health. Qual Manag Health Care. 2001;10(1):54-64. 

79. Lynn J, Baily MA, Bottrell M, et al. The ethics of using quality improvement methods in 
health care. Annals of internal medicine. 2007;146(9):666-673. 

80. Rubenstein LV, Hempel S, Farmer MM, et al. Finding order in heterogeneity: types of 
quality-improvement intervention publications. Qual Saf Health Care. 2008;17(6):403-
408. 

81. Batalden PB, Davidoff F. What is "quality improvement" and how can it transform 
healthcare? Qual Saf Health Care. 2007;16(1):2-3. 

82. D'Onofrio CN. Hospice quality improvement programs: an initial examination. J Nurs 
Care Qual. 2001;15(4):29-47. 

83. Wagner C, van der Wal G, Groenewegen PP, de Bakker DH. The effectiveness of quality 
systems in nursing homes: a review. Qual Health Care. 2001;10(4):211-217. 

84. Sequist TD, Gandhi TK, Karson AS, et al. A randomized trial of electronic clinical 
reminders to improve quality of care for diabetes and coronary artery disease. J Am Med 
Inform Assoc. 2005;12(4):431-437. 

85. (IOM) IoM. Leadership by example: Coordinating goverment roles in improving health 
care quality. Washington, D.C.2003. 

86. Sprague L. Contracting for quality: Medicare's quality improvement organizations. 
NHPF Issue Brief. 2002(774):1-15. 

87. Medpac. Using incentives to improve the quality of care in medicine2003. 
88. Davison L, Al-Shaghana K. The link between six sigma and quality culture - an empirical 

study. Total Quality Management & Business Excellence. 2007;18(3):249-265. 
89. Clemmer TP, Spuhler VJ, Oniki TA, Horn SD. Results of a collaborative quality 

improvement program on outcomes and costs in a tertiary critical care unit. Critical care 
medicine. 1999;27(9):1768-1774. 

90. Rutz W, Walinder J, Eberhard G, et al. An educational program on depressive disorders 
for general practitioners on Gotland: background and evaluation. Acta Psychiatr Scand. 
1989;79(1):19-26. 

91. Rutz W, von Knorring L, Walinder J. Long-term effects of an educational program for 
general practitioners given by the Swedish Committee for the Prevention and Treatment 
of Depression. Acta Psychiatr Scand. 1992;85(1):83-88. 

92. Fielder H, Denholm SW, Lyons RA, Fielder CP. Measurement of health status in patients 
with vertigo. Clin Otolaryngol Allied Sci. 1996;21(2):124-126. 

93. Gufoni M, Guidetti G, Nuti D, et al. [The relationship between cognitive impairment, 
anxiety-depression symptoms and balance and spatial orientation complaints in the 
elderly]. Acta Otorhinolaryngol Ital. 2005;25(3 Suppl 79):12-21. 

94. Gordon M. Falls in the elderly: more common, more dangerous. Geriatrics. 
1982;37(4):117-120. 

95. Nevitt MC, Cummings SR. Type of fall and risk of hip and wrist fractures: the study of 
osteoporotic fractures. The Study of Osteoporotic Fractures Research Group. J Am 
Geriatr Soc. 1993;41(11):1226-1234. 



  126 

96. Nevitt MC, Cummings SR, Hudes ES. Risk factors for injurious falls: a prospective 
study. J Gerontol. 1991;46(5):M164-170. 

97. Sattin RW, Lambert Huber DA, DeVito CA, et al. The incidence of fall injury events 
among the elderly in a defined population. Am J Epidemiol. 1990;131(6):1028-1037. 

98. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living 
in the community. N Engl J Med. 1988;319(26):1701-1707. 

99. Legters K, Whitney SL, Porter R, Buczek F. The relationship between the Activities-
specific Balance Confidence Scale and the Dynamic Gait Index in peripheral vestibular 
dysfunction. Physiother Res Int. 2005;10(1):10-22. 

100. Summary of the Updated American Geriatrics Society/British Geriatrics Society clinical 
practice guideline for prevention of falls in older persons. J Am Geriatr Soc. 
2011;59(1):148-157. 

101. Jacobson GP, Newman CW. The development of the Dizziness Handicap Inventory. Arch 
Otolaryngol Head Neck Surg. 1990;116(4):424-427. 

102. Whitney SL, Marchetti GF, Morris LO. Usefulness of the dizziness handicap inventory in 
the screening for benign paroxysmal positional vertigo. Otol Neurotol. 2005;26(5):1027-
1033. 

103. Whitney SL, Wrisley DM, Brown KE, Furman JM. Is perception of handicap related to 
functional performance in persons with vestibular dysfunction? Otol Neurotol. 
2004;25(2):139-143. 

104. Enloe LJ, Shields RK. Evaluation of health-related quality of life in individuals with 
vestibular disease using disease-specific and general outcome measures. Phys Ther. 
1997;77(9):890-903. 

105. Halmagyi GM, Curthoys IS. A clinical sign of canal paresis. Arch Neurol. 
1988;45(7):737-739. 

106. Grossman GE, Leigh RJ, Bruce EN, Huebner WP, Lanska DJ. Performance of the human 
vestibuloocular reflex during locomotion. J Neurophysiol. 1989;62(1):264-272. 

107. Schubert MC, Migliaccio AA, Clendaniel RA, Allak A, Carey JP. Mechanism of 
dynamic visual acuity recovery with vestibular rehabilitation. Archives of physical 
medicine and rehabilitation. 2008;89(3):500-507. 

108. Schubert MC, Tusa RJ, Grine LE, Herdman SJ. Optimizing the sensitivity of the head 
thrust test for identifying vestibular hypofunction. Phys Ther. 2004;84(2):151-158. 

109. Jorns-Haderli M, Straumann D, Palla A. Accuracy of the bedside head impulse test in 
detecting vestibular hypofunction. J Neurol Neurosurg Psychiatry. 2007;78(10):1113-
1118. 

110. Kramer PD, Shelhamer M, Peng GC, Zee DS. Context-specific short-term adaptation of 
the phase of the vestibulo-ocular reflex. Exp Brain Res. 1998;120(2):184-192. 

111. Longridge NS, Mallinson AI. The Dynamic Illegible E-test: A Technique for Assessing 
the Vestibulo-ocular Reflex. Acta Otolaryngol. 1987;103(5-6):273-279. 

112. Herdman SJ, Tusa RJ, Blatt P, Suzuki A, Venuto PJ, Roberts D. Computerized dynamic 
visual acuity test in the assessment of vestibular deficits. Am J Otol. 1998;19(6):790-796. 

113. Longridge NS, Mallinson AI. The dynamic illegible E (DIE) test: a simple technique for 
assessing the ability of the vestibulo-ocular reflex to overcome vestibular pathology. J 
Otolaryngol. 1987;16(2):97-103. 



  127 

114. Dannenbaum E, Paquet N, Chilingaryan G, Fung J. Clinical evaluation of dynamic visual 
acuity in subjects with unilateral vestibular hypofunction. Otol Neurotol. 2009;30(3):368-
372. 

115. Roberts RA, Gans RE. Comparison of horizontal and vertical dynamic visual acuity in 
patients with vestibular dysfunction and nonvestibular dizziness. J Am Acad Audiol. 
2007;18(3):236-244. 

116. Herdman SJ, Schubert MC, Das VE, Tusa RJ. Recovery of dynamic visual acuity in 
unilateral vestibular hypofunction. Arch Otolaryngol Head Neck Surg. 2003;129(8):819-
824. 

117. Herdman SJ, Hall CD, Schubert MC, Das VE, Tusa RJ. Recovery of dynamic visual 
acuity in bilateral vestibular hypofunction. Arch Otolaryngol Head Neck Surg. 
2007;133(4):383-389. 

118. Rouse MW, Hyman L, Hussein M, Solan H. Frequency of convergence insufficiency in 
optometry clinic settings. Convergence Insufficiency and Reading Study (CIRS) Group. 
Optom Vis Sci. 1998;75(2):88-96. 

119. Scheiman M, Gallaway M, Coulter R, et al. Prevalence of vision and ocular disease 
conditions in a clinical pediatric population. J Am Optom Assoc. 1996;67(4):193-202. 

120. Hayes GJ, Cohen BE, Rouse MW, De Land PN. Normative values for the nearpoint of 
convergence of elementary schoolchildren. Optom Vis Sci. 1998;75(7):506-512. 

121. Scheiman M, Gallaway M, Frantz KA, et al. Nearpoint of convergence: test procedure, 
target selection, and normative data. Optom Vis Sci. 2003;80(3):214-225. 

122. Scheiman M, Cooper J, Mitchell GL, et al. A survey of treatment modalities for 
convergence insufficiency. Optom Vis Sci. 2002;79(3):151-157. 

123. Adler P. Efficacy of treatment for convergence insufficiency using vision therapy. 
Ophthalmic Physiol Opt. 2002;22(6):565-571. 

124. Scheiman M, Mitchell GL, Cotter S, et al. A randomized clinical trial of vision 
therapy/orthoptics versus pencil pushups for the treatment of convergence insufficiency 
in young adults. Optom Vis Sci. 2005;82(7):583-595. 

125. Barr CC, Schultheis LW, Robinson DA. Voluntary, non-visual control of the human 
vestibulo-ocular reflex. Acta Otolaryngol. 1976;81(5-6):365-375. 

126. Barber HO. Vestibular neurophysiology. Otolaryngology--head and neck surgery : 
official journal of American Academy of Otolaryngology-Head and Neck Surgery. 
1984;92(1):55-58. 

127. Pothier DD, Rutka JA, Ranalli PJ. Double impairment: clinical identification of 33 cases 
of cerebellar ataxia with bilateral vestibulopathy. Otolaryngology--head and neck surgery 
: official journal of American Academy of Otolaryngology-Head and Neck Surgery. 
2012;146(5):804-808. 

128. Roig C. [Saccadic eye movements in extrapyramidal disorders and particularly in 
Huntington's disease]. Neurologia. 2001;16(2):57-62. 

129. Gill-Body KM, Popat RA, Parker SW, Krebs DE. Rehabilitation of balance in two 
patients with cerebellar dysfunction. Phys Ther. 1997;77(5):534-552. 

130. Solomon D. Benign Paroxysmal Positional Vertigo. Curr Treat Options Neurol. 
2000;2(5):417-428. 

131. Bhattacharyya N, Baugh RF, Orvidas L, et al. Clinical practice guideline: benign 
paroxysmal positional vertigo. Otolaryngol Head Neck Surg. 2008;139(5 Suppl 4):S47-
81. 



  128 

132. Dix MR, Hallpike CS. The pathology symptomatology and diagnosis of certain common 
disorders of the vestibular system. Proc R Soc Med. 1952;45(6):341-354. 

133. Pagnini P, Nuti D, Vannucchi P. Benign paroxysmal vertigo of the horizontal canal. ORL 
J Otorhinolaryngol Relat Spec. 1989;51(3):161-170. 

134. Helminski J, TC. H. Evaluation and Treatment of Benign Paroxysmal Positional Vertigo. 
Annals of Long-Term Care. 2007;15(6):33-39. 

135. Lopez-Escamez JA, Lopez-Nevot A, Gamiz MJ, et al. [Diagnosis of common causes of 
vertigo using a structured clinical history]. Acta Otorrinolaringol Esp. 2000;51(1):25-30. 

136. Blau P, Shoup A. Reliability of a rating scale used to distinguish direction of eye 
movement using infrared/video ENG recordings during repositioning maneuvers. Int J 
Audiol. 2007;46(8):427-432. 

137. Epley JM. The canalith repositioning procedure: for treatment of benign paroxysmal 
positional vertigo. Otolaryngology--head and neck surgery : official journal of American 
Academy of Otolaryngology-Head and Neck Surgery. 1992;107(3):399-404. 

138. Semont A, Freyss G, Vitte E. Curing the BPPV with a liberatory maneuver. Adv 
Otorhinolaryngol. 1988;42:290-293. 

139. Mandala M, Santoro GP, Asprella Libonati G, et al. Double-blind randomized trial on 
short-term efficacy of the Semont maneuver for the treatment of posterior canal benign 
paroxysmal positional vertigo. J Neurol. 2012;259(5):882-885. 

140. Jackson LE, Morgan B, Fletcher JC, Jr., Krueger WW. Anterior canal benign paroxysmal 
positional vertigo: an underappreciated entity. Otol Neurotol. 2007;28(2):218-222. 

141. Vannucchi P, Giannoni B, Pagnini P. Treatment of horizontal semicircular canal benign 
paroxysmal positional vertigo. Journal of vestibular research : equilibrium & 
orientation. 1997;7(1):1-6. 

142. Crevits L. Treatment of anterior canal benign paroxysmal positional vertigo by a 
prolonged forced position procedure. J Neurol Neurosurg Psychiatry. 2004;75(5):779-
781. 

143. Yacovino DA, Hain TC, Gualtieri F. New therapeutic maneuver for anterior canal benign 
paroxysmal positional vertigo. J Neurol. 2009;256(11):1851-1855. 

144. Nuti D, Agus G, Barbieri MT, Passali D. The management of horizontal-canal 
paroxysmal positional vertigo. Acta Otolaryngol. 1998;118(4):455-460. 

145. Lempert T. Horizontal benign positional vertigo. Neurology. 1994;44(11):2213-2214. 
146. Gufoni M, Mastrosimone L, Di Nasso F. [Repositioning maneuver in benign paroxysmal 

vertigo of horizontal semicircular canal]. Acta Otorhinolaryngol Ital. 1998;18(6):363-
367. 

147. Appiani GC, Catania G, Gagliardi M, Cuiuli G. Repositioning maneuver for the treatment 
of the apogeotropic variant of horizontal canal benign paroxysmal positional vertigo. Otol 
Neurotol. 2005;26(2):257-260. 

148. Asprella Libonati G. Diagnostic and treatment strategy of lateral semicircular canal 
canalolithiasis. Acta Otorhinolaryngol Ital. 2005;25(5):277-283. 

149. Shumway-Cook A, Horak FB. Assessing the influence of sensory interaction of balance. 
Suggestion from the field. Phys Ther. 1986;66(10):1548-1550. 

150. Cohen H, Blatchly CA, Gombash LL. A study of the clinical test of sensory interaction 
and balance. Phys Ther. 1993;73(6):346-351; discussion 351-344. 



  129 

151. Wrisley DM, Whitney SL. The effect of foot position on the modified clinical test of 
sensory interaction and balance. Archives of physical medicine and rehabilitation. 
2004;85(2):335-338. 

152. Anacker SL, Di Fabio RP. Influence of sensory inputs on standing balance in 
community-dwelling elders with a recent history of falling. Phys Ther. 1992;72(8):575-
581; discussion 581-574. 

153. Weber PC, Cass SP. Clinical assessment of postural stability. Am J Otol. 1993;14(6):566-
569. 

154. Vereeck L, Wuyts F, Truijen S, Van de Heyning P. Clinical assessment of balance: 
normative data, and gender and age effects. Int J Audiol. 2008;47(2):67-75. 

155. Madureira MM, Takayama L, Gallinaro AL, Caparbo VF, Costa RA, Pereira RM. 
Balance training program is highly effective in improving functional status and reducing 
the risk of falls in elderly women with osteoporosis: a randomized controlled trial. 
Osteoporos Int. 2007;18(4):419-425. 

156. Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J 
Gerontol A Biol Sci Med Sci. 1995;50A(1):M28-34. 

157. Lajoie Y, Gallagher SP. Predicting falls within the elderly community: comparison of 
postural sway, reaction time, the Berg balance scale and the Activities-specific Balance 
Confidence (ABC) scale for comparing fallers and non-fallers. Arch Gerontol Geriatr. 
2004;38(1):11-26. 

158. Whitney SL, Hudak MT, Marchetti GF. The activities-specific balance confidence scale 
and the dizziness handicap inventory: a comparison. Journal of vestibular research : 
equilibrium & orientation. 1999;9(4):253-259. 

159. Brandstater ME, de Bruin H, Gowland C, Clark BM. Hemiplegic gait: analysis of 
temporal variables. Archives of physical medicine and rehabilitation. 1983;64(12):583-
587. 

160. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance battery 
assessing lower extremity function: association with self-reported disability and 
prediction of mortality and nursing home admission. J Gerontol. 1994;49(2):M85-94. 

161. Collen FM, Wade DT, Bradshaw CM. Mobility after stroke: reliability of measures of 
impairment and disability. Int Disabil Stud. 1990;12(1):6-9. 

162. Shumway-Cook A, Woollacott M. Motor Control: Translating Research into Clinical 
Practice. Baltimore, MD: Lippincott Williams & Wilkins; 2012. 

163. Bohannon RW. Comfortable and maximum walking speed of adults aged 20-79 years: 
reference values and determinants. Age Ageing. 1997;26(1):15-19. 

164. Peters DM, Fritz SL, Krotish DE. Assessing the Reliability and Validity of a Shorter 
Walk Test Compared With the 10-Meter Walk Test for Measurements of Gait Speed in 
Healthy, Older Adults. J Geriatr Phys Ther. 2012. 

165. Hall CD, Herdman SJ. Reliability of clinical measures used to assess patients with 
peripheral vestibular disorders. J Neurol Phys Ther. 2006;30(2):74-81. 

166. Abellan van Kan G, Rolland Y, Andrieu S, et al. Gait speed at usual pace as a predictor 
of adverse outcomes in community-dwelling older people an International Academy on 
Nutrition and Aging (IANA) Task Force. J Nutr Health Aging. 2009;13(10):881-889. 

167. Studenski S, Perera S, Patel K, et al. Gait speed and survival in older adults. JAMA : the 
journal of the American Medical Association. 2011;305(1):50-58. 



  130 

168. Marchetti GF, Whitney SL. Construction and validation of the 4-item dynamic gait index. 
Phys Ther. 2006;86(12):1651-1660. 

169. Shumway-Cook A, Woollacott M. Motor Control: Theory and Practical Application. 
Baltimore, MD: Williams & Wilkins; 1995. 

170. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the 
minimal clinically important difference. Control Clin Trials. 1989;10(4):407-415. 

171. Beninato M, Portney LG. Applying concepts of responsiveness to patient management in 
neurologic physical therapy. J Neurol Phys Ther. 2011;35(2):75-81. 

172. Beninato M, Gill-Body KM, Salles S, Stark PC, Black-Schaffer RM, Stein J. 
Determination of the minimal clinically important difference in the FIM instrument in 
patients with stroke. Archives of physical medicine and rehabilitation. 2006;87(1):32-39. 

173. Nguyen HB, Corbett SW, Steele R, et al. Implementation of a bundle of quality indicators 
for the early management of severe sepsis and septic shock is associated with decreased 
mortality. Critical care medicine. 2007;35(4):1105-1112. 

174. Kinney ED. The brave new world of medical standards of care. J Law Med Ethics. 
2001;29(3-4):323-334. 

175. Fritz JM, Cleland JA, Brennan GP. Does adherence to the guideline recommendation for 
active treatments improve the quality of care for patients with acute low back pain 
delivered by physical therapists? Med Care. 2007;45(10):973-980. 

176. Grimshaw JM, Russell IT. Effect of clinical guidelines on medical practice: a systematic 
review of rigorous evaluations. Lancet. 1993;342(8883):1317-1322. 

177. Grimshaw JM, Shirran L, Thomas R, et al. Changing provider behavior: an overview of 
systematic reviews of interventions. Medical care. 2001;39(8 Suppl 2):II2-45. 

178. Grimshaw JM, Hutchinson A. Clinical practice guidelines--do they enhance value for 
money in health care? Br Med Bull. 1995;51(4):927-940. 

179. Cabana MD, Rand CS, Powe NR, et al. Why don't physicians follow clinical practice 
guidelines? A framework for improvement. JAMA : the journal of the American Medical 
Association. 1999;282(15):1458-1465. 

180. Davis DA, Thomson MA, Oxman AD, Haynes RB. Changing physician performance. A 
systematic review of the effect of continuing medical education strategies. JAMA : the 
journal of the American Medical Association. 1995;274(9):700-705. 

181. Hunt DL, Haynes RB, Hanna SE, Smith K. Effects of computer-based clinical decision 
support systems on physician performance and patient outcomes: a systematic review. 
JAMA : the journal of the American Medical Association. 1998;280(15):1339-1346. 

182. Lorenzi NM, Riley RT. Managing change: an overview. J Am Med Inform Assoc. 
2000;7(2):116-124. 

183. Burnett S, Benn J, Pinto A, Parand A, Iskander S, Vincent C. Organisational readiness: 
exploring the preconditions for success in organisation-wide patient safety improvement 
programmes. Qual Saf Health Care. 2010;19(4):313-317. 

184. Gillespie BM, Chaboyer W, Wallis M, Fenwick C. Why isn't 'time out' being 
implemented? An exploratory study. Qual Saf Health Care. 2010;19(2):103-106. 

185. Grol RP, Bosch MC, Hulscher ME, Eccles MP, Wensing M. Planning and studying 
improvement in patient care: the use of theoretical perspectives. The Milbank quarterly. 
2007;85(1):93-138. 

186. Cantillon P, Jones R. Does continuing medical education in general practice make a 
difference? BMJ. 1999;318(7193):1276-1279. 



  131 

187. Grimshaw JM, Eccles MP, Walker AE, Thomas RE. Changing physicians' behavior: 
what works and thoughts on getting more things to work. The Journal of continuing 
education in the health professions. 2002;22(4):237-243. 

188. Goldberg HR, McKhann GM. Student test scores are improved in a virtual learning 
environment. Advances in physiology education. 2000;23(1):59-66. 

189. Adler MD, Johnson KB. Quantifying the literature of computer-aided instruction in 
medical education. Academic medicine : journal of the Association of American Medical 
Colleges. 2000;75(10):1025-1028. 

190. Kemper KJ, Amata-Kynvi A, Sanghavi D, et al. Randomized trial of an internet 
curriculum on herbs and other dietary supplements for health care professionals. 
Academic medicine : journal of the Association of American Medical Colleges. 
2002;77(9):882-889. 

191. Maki WS, Maki RH. Evaluation of a Web-based introductory psychology course: II. 
Contingency management to increase use of on-line study aids. Behavior research 
methods, instruments, & computers : a journal of the Psychonomic Society, Inc. 
2000;32(2):240-245. 

192. Bell DS, Fonarow GC, Hays RD, Mangione CM. Self-study from web-based and printed 
guideline materials. A randomized, controlled trial among resident physicians. Annals of 
internal medicine. 2000;132(12):938-946. 

193. Komolpis R, Johnson RA. Web-based orthodontic instruction and assessment. Journal of 
dental education. 2002;66(5):650-658. 

194. Wutoh R, Boren SA, Balas EA. eLearning: a review of Internet-based continuing medical 
education. The Journal of continuing education in the health professions. 2004;24(1):20-
30. 

195. Brown TT, Proctor SE, Sinkowitz-Cochran RL, Smith TL, Jarvis WR. Physician 
preferences for continuing medical education with a focus on the topic of antimicrobial 
resistance: Society for Healthcare Epidemiology of America. Infection control and 
hospital epidemiology : the official journal of the Society of Hospital Epidemiologists of 
America. 2001;22(10):656-660. 

196. Marshall JN, Stewart M, Ostbye T. Small-group CME using e-mail discussions. Can it 
work? Canadian family physician Medecin de famille canadien. 2001;47:557-563. 

197. Papa FJ, Aldrich D, Schumacker RE. The effects of immediate online feedback upon 
diagnostic performance. Academic medicine : journal of the Association of American 
Medical Colleges. 1999;74(10 Suppl):S16-18. 

198. Curran VR, Hoekman T, Gulliver W, Landells I, Hatcher L. Web-based continuing 
medical education. (II): Evaluation study of computer-mediated continuing medical 
education. The Journal of continuing education in the health professions. 
2000;20(2):106-119. 

199. Grimshaw J, Eccles M, Tetroe J. Implementing clinical guidelines: current evidence and 
future implications. The Journal of continuing education in the health professions. 
2004;24 Suppl 1:S31-37. 

200. Wensing M, van der Weijden T, Grol R. Implementing guidelines and innovations in 
general practice: which interventions are effective? Br J Gen Pract. 1998;48(427):991-
997. 

201. Gance-Cleveland B, Costin DK, Degenstein JA. School-based health centers. Statewide 
quality improvement program. J Nurs Care Qual. 2003;18(4):288-294. 



  132 

202. Alsalaheen BA, Whitney SL, Mucha A, Morris LO, Furman JM, Sparto PJ. Exercise 
Prescription Patterns in Patients Treated with Vestibular Rehabilitation After Concussion. 
Physiother Res Int. 2012. 

203. Cohen HS, Gottshall KR, Graziano M, Malmstrom EM, Sharpe MH, Whitney SL. 
International guidelines for education in vestibular rehabilitation therapy. J Vestib Res. 
2011;21(5):243-250. 

204. Cohen HS, Gottshall KR, Graziano M, Malmstrom EM, Sharpe MH. International survey 
of vestibular rehabilitation therapists by the Barany Society Ad Hoc Committee on 
Vestibular Rehabilitation Therapy. J Vestib Res. 2009;19(1-2):15-20. 

205. Davidoff F, Batalden P, Stevens D, Ogrinc G, Mooney S. Publication guidelines for 
quality improvement in health care: evolution of the SQUIRE project. Qual Saf Health 
Care. 2008;17 Suppl 1:i3-9. 

206. Auerbach AD, Landefeld CS, Shojania KG. The tension between needing to improve 
care and knowing how to do it. N Engl J Med. 2007;357(6):608-613. 

207. Berwick DM. The science of improvement. JAMA : the journal of the American Medical 
Association. 2008;299(10):1182-1184. 

208. Eccles M, Grimshaw J, Campbell M, Ramsay C. Research designs for studies evaluating 
the effectiveness of change and improvement strategies. Qual Saf Health Care. 
2003;12(1):47-52. 

209. Grimshaw J, Campbell M, Eccles M, Steen N. Experimental and quasi-experimental 
designs for evaluating guideline implementation strategies. Fam Pract. 2000;17 Suppl 
1:S11-16. 

210. Grol R. Improving the quality of medical care: building bridges among professional 
pride, payer profit, and patient satisfaction. JAMA. 2001;286(20):2578-2585. 

211. Bekkering GE, Hendriks HJ, van Tulder MW, et al. Effect on the process of care of an 
active strategy to implement clinical guidelines on physiotherapy for low back pain: a 
cluster randomised controlled trial. Qual Saf Health Care. 2005;14(2):107-112. 

212. van der Wees PJ, Hendriks EJ, Jansen MJ, van Beers H, de Bie RA, Dekker J. Adherence 
to physiotherapy clinical guideline acute ankle injury and determinants of adherence: a 
cohort study. BMC musculoskeletal disorders. 2007;8:45. 

213. McDonald CJ, Wilson GA, McCabe GP, Jr. Physician response to computer reminders. 
JAMA. 1980;244(14):1579-1581. 

214. Litzelman DK, Dittus RS, Miller ME, Tierney WM. Requiring physicians to respond to 
computerized reminders improves their compliance with preventive care protocols. J Gen 
Intern Med. 1993;8(6):311-317. 

215. Shojania KG, Jennings A, Mayhew A, Ramsay C, Eccles M, Grimshaw J. Effect of point-
of-care computer reminders on physician behaviour: a systematic review. CMAJ : 
Canadian Medical Association journal = journal de l'Association medicale canadienne. 
2010;182(5):E216-225. 

216. Muething S, Schoettker PJ, Gerhardt WE, Atherton HD, Britto MT, Kotagal UR. 
Decreasing overuse of therapies in the treatment of bronchiolitis by incorporating 
evidence at the point of care. The Journal of pediatrics. 2004;144(6):703-710. 

217. Korenstein D, Falk R, Howell EA, Bishop T, Keyhani S. Overuse of health care services 
in the United States: an understudied problem. Arch Intern Med. 2012;172(2):171-178. 

218. LG P, MP W. Foundations of clinical research applications to practice. Third ed. Upper 
Saddle River, NJ: Pearson Education; 2009. 



  133 

219. Cohen JW. Statistical Power Analysis for the Behavioral Sciences. Second ed. Hillsdale, 
NJ: Lawrence Erlbaum Associates; 1988. 

220. McGuirk B, King W, Govind J, Lowry J, Bogduk N. Safety, efficacy, and cost 
effectiveness of evidence-based guidelines for the management of acute low back pain in 
primary care. Spine. 2001;26(23):2615-2622. 

221. Lesho EP, Myers CP, Ott M, Winslow C, Brown JE. Do clinical practice guidelines 
improve processes or outcomes in primary care? Military medicine. 2005;170(3):243-
246. 

222. Almohiza MA, Sparto PJ, Marchetti GF, Delitto A, Furman JM, Whitney SL. A quality 
improvement project in balance and vestibular rehabilitation: a cluster randomized trial. 
Dissertation. 2014;Chapter 4 of this dissertation. 

223. Steffen T, Seney M. Test-retest reliability and minimal detectable change on balance and 
ambulation tests, the 36-item short-form health survey, and the unified Parkinson disease 
rating scale in people with parkinsonism. Phys Ther. 2008;88(6):733-746. 

224. Bekkering GE, van Tulder MW, Hendriks EJ, et al. Implementation of clinical guidelines 
on physical therapy for patients with low back pain: randomized trial comparing patient 
outcomes after a standard and active implementation strategy. Phys Ther. 
2005;85(6):544-555. 

225. Meretta BM, Whitney SL, Marchetti GF, Sparto PJ, Muirhead RJ. The five times sit to 
stand test: responsiveness to change and concurrent validity in adults undergoing 
vestibular rehabilitation. J Vestib Res. 2006;16(4-5):233-243. 

226. Cherkin D, Deyo RA, Berg AO. Evaluation of a physician education intervention to 
improve primary care for low-back pain. II. Impact on patients. Spine. 1991;16(10):1173-
1178. 

227. Hetlevik I, Holmen J, Kruger O. Implementing clinical guidelines in the treatment of 
hypertension in general practice. Evaluation of patient outcome related to implementation 
of a computer-based clinical decision support system. Scandinavian journal of primary 
health care. 1999;17(1):35-40. 

228. Tang PC, LaRosa MP, Gorden SM. Use of computer-based records, completeness of 
documentation, and appropriateness of documented clinical decisions. J Am Med Inform 
Assoc. 1999;6(3):245-251. 

229. Hippisley-Cox J, Pringle M, Cater R, et al. The electronic patient record in primary care--
regression or progression? A cross sectional study. BMJ. 2003;326(7404):1439-1443. 

230. Herdman SJ, Tusa RJ. Complications of the canalith repositioning procedure. Arch 
Otolaryngol Head Neck Surg. 1996;122(3):281-286. 

 

 


	TITLE PAGE
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF TABLES
	TABLE 1 CLINICAL DECISION RULES (CDRs)
	TABLE 2 PHYSICAL THERAPISTS' CHARACTERISTICS (N= 18)
	TABLE 3 PATIENTS' CHARACTERISTICS (N= 580)
	TABLES 4 RESPONSE RATES TO COMPLIANCE AND ADHERENCE REMINDERS
	TABLE 5 MIXED-FACTOR ANOVA OF ADHERENCE RATES FOR WEEKS 4-12 AND ALL 16 WEEKS
	TABLE 6 TREATMENT CATEGORIES CATEGORIZED ACCORDING TO THE CDRs SITUATIONS
	TABLE 7 NUMBER OF EVALUATION FORMS FOR WHICH DISCHARGE OF FOLLOW-UP DATA WERE RECEIVED
	TABLE 8 PHYSICAL THERAPISTS' CHARACTERISTICS (N=23)
	TABLE 9 PATIENTS' DEMOGRAPHICS (N=454)
	TABLE 10 MIXED-FACTOR ANOVA FOR THE ABC AND DHI, AND MANN-WHITNEY U TEST FOR THE GRC

	LIST OF FIGURES
	FIGURE 1 QUALITY IMPROVEMENT PROJECT TIME FRAME
	FIGURE 2 WEEKLY COMPLIANCE RATES BEFORE AND AFTER THE COMPLIANCE REMINDERS
	FIGURE 3 WEEKLY ADHERENCE RATES BEFORE AND AFTER ADHERENCE REMINDERS
	FIGURE 4 PERCENTAGE OF EVALUATION FORMS CATEGORIZED BY THE NUMBER OF OVER-UTILIZED TREATMENT CATEGORIES
	FIGURE 5 INDIVIDUAL ADHERENCE RATES PRE/POST INTERVENTION FOR PHYSICAL THERAPISTS (N= 18)
	FIGURE 6 THE QUALITY IMPROVEMENT PROJECT DESIGN

	PREFACE
	1.0  INTRODUCTION
	1.1 STATEMENT OF THE PROBLEM
	1.2 PURPOSE OF THE STUDY
	1.3 DEFINITION OF TERMS

	2.0  BACKGROUND AND SIGNIFICANCE
	2.1 EPIDEMIOLOGY OF BALANCE AND VESTIBULAR DISORDERS
	2.2 BALANCE AND VESTIBULAR REHABILITATION
	2.3 QUALITY IMPROVEMENT
	2.4 CLINICAL DECISION RULES IMPLEMENTATION
	2.5 CHANGING CLINICAL BEHAVIOR
	2.5.1 EDUCATIONAL TRAINING

	2.6 SPECIFIC AIMS AND HYPOTHESES

	3.0  METHODS
	3.1 DEVELOPMENT OF BALANCE AND VESTIBULAR FORM
	3.2 DEVELOPMENT OF CLINICAL DECISION RULES
	3.3 INTERVENTIONS STRATEGIES
	3.4 RESEARCH DESIGN
	3.5 DATA COLLECTION
	3.6 STATISTICAL ANALYSES

	4.0  A QUALITY IMPROVEMENT PROJECT IN BALANCE AND VESTIBULAR REHABILITATION: A RANDOMIZED CONTROLLED TRIAL 
	4.1 INTRODUCTION
	4.2 METHODS
	4.3 STATISTICAL ANALYSES
	4.4 RESULTS
	4.5 DISCUSSION
	4.6 LIMITATIONS
	4.7 CONCLUSION

	5.0  THE EFFICACY OF A QUALITY IMPROVEMENT PROJECT ON OUTCOMES OF PERSONS WITH BALANCE AND VESTIBULAR DISORDERS
	5.1 INTRODUCTION
	5.2 METHODS
	5.3 STATISTICAL ANALYSES
	5.4 RESULTS
	5.5 DISCUSSION
	5.6 LIMITATIONS
	5.7 CONCLUSION

	6.0  GENERAL DISCUSSION
	6.1 LIMITATIONS
	6.2 FUTURE RESEARCH
	6.3 CONCLUSION

	APPENDIX A: BALANCE AND VESTIBULAR EVALUATION FORM
	APPENDIX B: CONCUSSION EVALUATION FORM
	APPENDIX C: CONTRAINDICATIONS TO BALANCE AND VESTIBULAR TESTING
	APPENDIX D: CLINICAL DECISION RULES
	APPENDIX E: SHORT TEST
	APPENDIX F: BALANCE AND VESTIBULAR PYSICAL THERAPY DIAGNOSIS AND ICD-9 CODES
	APPENDIX G: POST-HOC SURVEY
	BIBLIOGRAPHY

