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How does one assess the effectiveness of any treatment for dizziness or imbalance? Ideally one would like to move beyond statements that the patient is better. One would like to be able to state that as a result of treatment "x" the patient has shown improvement on some established measure. The ensuing problem is what measure does one use? Given the range of causes of dizziness and imbalance, as well as the variability in the age, physical status, and lifestyles of the patients, this question can be answered in a number of ways. The assessment tools can be as simple as measuring the frequency of spells of vertigo to more complex measures of perceived functional levels or physiologic parameters of gait, gaze stability, or vestibular function. At this point there appears to be no adequate universal measure of outcome, and the measure that one chooses is generally related to what one is trying to treat.

Another consideration is what is an appropriate outcome to measure. The ultimate goal of many of the treatments is to restore function to the individual. The terms functional outcomes and functional measures often are used to describe various tests and measures. In the strictest (and most appropriate) use, this term refers to measures that reflect one's ability to perform one's daily activities. For example, improvement in vestibulo-ocular reflex (VOR) gain as measured by rotational chair testing is an outcome. This does not directly relate to daily function. An improvement in dynamic visual acuity (the ability to see clearly during head movements) is a functional outcome. Improved performance on sensory organization test 5 of the computerized dynamic posturography test battery following vestibular rehabilitation is a measurable outcome; however, this may not have a direct relationship to daily activities. Decreased gait ataxia while walking in the dark, on the other hand, is a functional outcome. This distinction is an important one to make in the assessment of treatment effectiveness and in today's medical reimbursement environment.

Kirshner and Guyatt [22] state that three criteria should be met in instruments used to assess change in health status: (1) there should be low intrasubject variability; (2) there should be an ability to detect clinically relevant change; and (3) the change detected should be consistent with an external standard of change (validity). In this article some of the common assessment tools used in measuring treatment outcomes are discussed. Where appropriate, the reliability, validity, and sensitivity of these measures and their relationship with other measures of change are analyzed.

TYPES OF MEASURES

There are two general classes of outcome measures: self-report measures and physical performance measurements. The self-report measures are typically questionnaires that address either specific or more general questions of function. The self-report measures by their nature are subjective measures. Although subjective measures lack the appeal of objective findings, in many ways they are superior to the objective, physical measures of performance. One, these measures typically have a greater scope in what they are able to assess. For example, the self-report measures can ask questions related to a range of physical activities that can-not be measured with existing clinical tools. Two, the self-report measures take into account that the identical physical limitation may have different effects on the lives of different individuals, based on their physical and psychologic constitution. A unilateral vestibular loss may cause little or no disability in a sedentary individual, but may pose a significant disability (at least initially) to someone who is very active in tasks that place a premium on good balance. On the other hand, different levels of vestibular dysfunction (e.g., unilateral vestibular hypofunction and bilateral vestibular loss) could result in the same level of perceived disability based again on the individual's lifestyle and physical needs. Lastly, the self-report measures often can be applied to a wider range of individuals with vestibular dysfunction. It makes sense to ask individuals with Meniere's disease and individuals with bilateral vestibular hypofunction how the symptoms are limiting or affecting their lives. It makes less sense to compare the postural stability or gaze stability of these two classes of patients.

Although the self-report measures have a number of benefits, the physical performance measures provide objective measures of change that may or may not correlate with the subjective measures. These measures allow one to assess the physical effects of the treatment, and at least get some idea of central compensatory processes that may be occurring.

Self-Report Measures
Dizziness Handicap Inventory 

The dizziness handicap inventory (DHI) is a 25-item questionnaire, which was designed to measure the self-perceived disability or handicap caused by symptoms of dizziness or imbalance. [19] The individual questions are designed to address the impact of the symptoms on the physical, emotional, and functional aspects of daily activities, and there are three possible answers, "yes," "sometimes," and "no," to each question. Questions answered with a "yes" are given a value of 4 points, "sometimes" 2 points, and "no" 0 points. The maximum total score (indicating maximum handicap) is 100. There are seven questions that comprise the physical subscale (maximum score of 28) and nine questions each on the functional and emotional subscales (maximum scores of 36). For ease of comparison the subscale scores often are converted to percentage scores. The initial work on this instrument demonstrated that the DHI had face validity, internal consistency and test-retest reliability. [19] Based on the measures of standard error of the mean and the corresponding confidence intervals, the authors suggested that a change of 18 points in the total score was required before one could say there was a significant change in one's perceived disability. Although never determined, the DHI values in the normal population are presumed to be 0.

Jacobson and Calder [18] developed a screening version of the dizziness handicap inventory (DHI-S), which is composed of the 10 items from the DHI that had the highest item-total correlation determined in the initial assessment of the DHI. The DHI-S items are scored identically to the DHI. In the DHI-S there are four questions from the functional subscale and three each from the emotional and physical subscales. Initial evaluation of the DHI-S demonstrated a strong correlation ( r = 0.86) between the total scores on the two instruments, and high test-retest reliability ( r = 0.95). [18] The authors concluded that the DHI-S could be used in place of the DHI in cases where time is of a primary concern. Although the DHI takes longer to administer (25 questions as compared to 10 questions), administering and scoring the DHI only takes about 10 minutes.

The DHI has been used as an outcome measure in several studies evaluating treatment effectiveness for patients with various vestibular disorders and as a measure of the disabling nature of various vestibular diseases. [1] [21] [23] [28] Krebs et al [23] found that the DHI scores improved in patients treated for bilateral vestibular hypofunction. In this preliminary report, they noted that there was no significant difference in the improvement in DHI scores between patients receiving vestibular rehabilitation and those receiving strengthening and conditioning exercises. Mruzek [28] and colleagues found a decrease in the physical subscale scores of the DHI in patients receiving vestibular rehabilitation as compared to those receiving extremity range of motion exercises following unilateral vestibular ablation surgery. They noted no differences on the other subscales. The impact of Meniere's disease has been evaluated with several measures, including the DHI. Kinney et al [21] reported a significant handicap in patients with Meniere's disease when assessed with the DHI and a global health measure (SF-36 Health Survey).

Activities Specific Balance Confidence Scale 

Another questionnaire measurement tool is the activities specific balance confidence scale (ABC) developed by Powell and Myers. [33] This is a 16-item questionnaire that measures an individual's confidence in doing a range of tasks that would potentially challenge their balance (Table 1) . The tasks range from mildly challenging activities (reaching at eye level and walking around the house) to more challenging activities (riding an escalator without holding onto the rail and walking on icy sidewalks). This test was designed to assess the balance confidence in elderly individuals and identify individuals with higher levels of balance function that might be missed by other measures such as the falls efficacy scale (FES). [39] The rationale behind these tests is that individuals with balance impairments and a fear of falling have lower confidence in their balance capabilities. Those individuals with a loss of confidence are more likely to limit their activity level and subsequently experience greater functional limitations and increased risk of falling. This test is not specific to individuals with dizziness.

TABLE 1 -- ACTIVITIES SPECIFIC BALANCE CONFIDENCE SCALE

PRIVATE
 1. Walk around the house

2. Walk up and down stairs

3. Pick up slipper from the floor

4. Reach at eye level

5. Reach on tiptoes

6. Stand on a chair to reach

7. Sweep the floor

8. Walk outside to nearby car

9. Get in and out of a car

10. Walk across parking lot

11. Walk up and down a ramp

12. Walk in a crowded mall

13. Walk in a crowd and get bumped

14. Ride an escalator holding the rail

15. Ride an escalator not holding the rail

16. Walk on icy sidewalks

Individuals are asked to rate their confidence in performing each of the following activities on a scale from 0% (no confidence) to 100% (complete confidence).

The initial studies on reliability were conducted on elderly individuals over the age of 65 who were living in the community. The total ABC score was found to be reliable over a 2-week test period ( r = 0.92; p < 0.001). Fourteen of the 16 items had significant test-retest correlation coefficients. The scale also had high internal consistency. The ABC scale was able to discriminate between a high mobility group and a low mobility group. The mobility groups were determined based upon the use of a walking aid and those who required physical assistance to leave their home. As a group, the low mobility group (assistive device and physical assistance) scored lower on the ABC scale (38.3) than did the high mobility group (80.4). These values were significantly different ( P < 0.001). The scale was not able to discriminate, however, between individuals with and without a history of falls in the past 6 months. In addition, the scale was not able to discriminate between fallers with an injury and fallers without an injury.

Although the ABC scale was not developed specifically for individuals with vestibular disorders, the ABC scale and the DHI were used to assess 71 individuals with dizziness (diagnoses of central vestibular, peripheral vestibular, and combined peripheral and central vestibular disorders). [41] The DHI and ABC scale were administered as part of the physical therapy evaluation in these individuals. The individuals in the present study were studied as a whole and as two groups: one 65 and over, the other under 65. The reasoning for this split was twofold: (1) there was a large age range in the individuals, and (2) the ABC scale was developed for and tested in individuals over the age of 65. As a whole, there was a correlation coefficient of -0.635 between the ABC scale and the DHI. For the individual groups, the correlation coefficient was essentially identical to that of the whole group. This correlation coefficient is considered to be in the good range, [8] and the correlation was significant ( p < 0.001). These results indicate that the ABC scale may be of benefit in assessing the perceived functional capabilities of individuals with dizziness. This result is not entirely surprising, as imbalance and dysequilibrium are common symptoms in patients with vestibular dysfunction. The ABC scale has not been assessed over time, however, or over the course of treatment in patients with vestibular dysfunction.

Disability Index 

Shepard and colleagues in a number of studies looking at the effectiveness of vestibular rehabilitation have used a relatively simple, self-perceived disability index. [35] [36] [37] [38] The disability scale is a 6-point scale in which the individual is asked to rate his level of disability based on descriptions of symptoms and limited activities (Table 2) . The disability index, although intuitively accurate, has not been assessed in terms of reliability, validity, or sensitivity. Shepard and colleagues have shown, however, that there are changes in the patient's perception of disability following vestibular rehabilitation. They have shown that the level of disability, as measured by the disability index, decreases with vestibular rehabilitation (from 3.0 pretherapy to 1.4 posttherapy), and 80% of the patients had a decrease in their disability score of at least 1 level with therapy. This decrease in perceived disability occurs with a reduction of symptoms in 85% of the patients following therapy.

TABLE 2 -- DISABILITY SCALE

PRIVATE
 0
No disability, negligible symptoms

1
No disability; bothersome symptoms

2
Mild disability; performs usual work duties, but symptoms interfere with outside activities

3
Moderate disability; symptoms disrupt performance of usual work duties and outside activities

4
Recent severe disability; on medical leave or had to change job because of the symptoms

5
Long-term severe disability; unable to work for over 1 year or established permanent disability with compensation payments

The patient is asked to rate his or her disability caused by their symptoms of vertigo or imbalance.



Activities of Daily Living Scale 

The instruments discussed so far have been general in nature and reflect relatively specific balance tasks (reaching, walking, etc.). Cohen and colleagues [2] [3] have developed preliminary scales that measure an individual's level of independence in performing activities of daily living (ADL). Individuals rate their level of independence on particular tasks on a scale from 0 (total independence) to 5 (total dependence). The tasks cover a range of daily activities, with questions addressing the following areas: bed mobility, chair and car transfers, dressing, bathing, eating, telephoning, ambulation, shopping, fine motor skills, recreation, cooking, home management, outdoor tasks, driving, and employment. The preliminary results from a study of patients with chronic vestibular dysfunction (peripheral or brainstem lesions) demonstrate that the ADL scores decreased with a program of vestibular rehabilitation. [2] The vestibular rehabilitation program did not directly address the ADLs, but consisted of balance exercises and graded movement exercises. Cohen, Ewell, and Jenkins [3] used a similar scale to address the ADL limitations in individuals with Meniere's disease. Although the individuals with Meniere's disease generally scored low on the ADL scale (indicating independence) between attacks, during the attacks the subjects reported increased dependence. No mention is made in either of these manuscripts as to how the scale was devised or how it was evaluated, which raises the question of the face validity of the scale. In addition, there is no measure of test-retest reliability or sensitivity. The scale, however, does appear to measure change in patients undergoing vestibular rehabilitation.

Medical Outcomes Study Health Survey 

The Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) [31] is a generic questionnaire used to measure an individual's health-related quality of life. This instrument has been used to measure the health status associated with a number of different illnesses. One of the benefits of the generic questionnaires is that it allows for comparison of the health impact of numerous different disease processes. One drawback to the generic assessment measures is that they are less sensitive to change than the disease specific questionnaires. [14] The SF-36 consists of eight different health scales: physical function, role limitation because of physical problems, bodily pain, general health, social function, vitality/energy, role limitation because of emotional problems, and mental health. Each scale is composed of a number of different questions or items. The different health scales are summarized in two summary scales: the physical component summary scale (PCS-36) and the mental component summary scale (MCS-36). Whereas the SF-36 has been used to assess the health impact of a variety of diseases, its use in patients with vestibular disorders has been reported in only one manuscript.

Enloe and Shields [7] compared the use of the DHI and the SF-36 in patients diagnosed with vestibular dysfunction. They reported that both scales were reliable for this patient population. The DHI had an overall intraclass correlation coefficient (ICC[2,1]) of 0.94, with the individual subscale ICCs ranging from 0.79 to 0.95. Within the SF-36 the PCS-36 had an ICC value of 0.85 and the MCS-36 had an ICC value of 0.92. Individual health scales had ICC values ranging from 0.64 to 0.91. The tests, however, were not strongly correlated (correlation coefficients ranging from r = 0.11 to 0.71) with each other. Although both tests were responsive to change over a 6- to 8-week time period, the DHI was more responsive. The patients with vestibular dysfunction did score lower on the SF-36 than the general population. The lack of correlation and difference in the responsiveness of the two measures may be caused by the floor and ceiling effects that were apparent in a number of the SF-36 health scales. Despite the differences between the two assessment tools, it appears that the SF-36 is beneficial in measuring the overall health status level of individuals with vestibular dysfunction.

Physical Assessments
Computerized Dynamic Visual Acuity 

Oscillopsia, the blurring of vision associated with head movements, is a significant problem for some individuals with vestibular dysfunction. Visual acuity during head movements has been measured clinically as a way to assess an individual's ability to maintain stable gaze and as a rough measure of VOR function. [24] [25] This clinical technique has inherent methodologic problems, such as periods of little to no head movement. During these periods, the VOR is not needed for visual acuity, and smooth pursuit eye movements may be sufficient to allow the individual to see clearly during the test. Recently, computerized programs have been developed to eliminate this problem. [4] [5] [16] Herdman [16] and colleagues determined the reliability, sensitivity, and specificity of this test. To determine the reliability of the test, they re-tested normal individuals approximately 1 week after the initial test. They also retested patients diagnosed with unilateral and bilateral vestibular loss (based on abnormal clinical tests and either an abnormal caloric or rotary chair test) later on the day of the initial test. For the normal individuals the ICC was r = 0.87, indicating that the test was reliable. For patients, the ICC was r = 0.83, again indicating that the test was reliable. For patients with unilateral vestibular hypofunction, there was a significant difference between the dynamic visual acuity with rotations toward and away from the side of hypofunction. In patients with bilateral vestibular loss, there was no side to side asymmetry. In addition, there were significant differences in dynamic visual acuity between patient groups and age-matched normal individuals.

The sensitivity, specificity, and accuracy were determined for patients with unilateral and bilateral vestibular hypofunction. The sensitivity (the ability to correctly identify individuals with a vestibular deficit) was 89.7% for patients with unilateral vestibular hypofunction and 96.2% for patients with bilateral vestibular hypofunction. The specificity of the test (the ability to correctly identify normal individuals) was 93.5% when comparing age-matched normal individuals with patients with unilateral vestibular hypofunction, and 100% when comparing the age-matched normal individuals to patients with bilateral vestibular hypofunction. The accuracy of the test (the proportion of true tests) was 97.5% for the bilateral vestibular hypofunction and 91.7% for the unilateral vestibular hypofunction comparisons.

Although this test has acceptable levels of reliability, sensitivity, and specificity, the ability of the test to measure change has not been reported in the literature. If this test does show changes with treatment, as one might expect based upon observed changes in the clinical tests, then the test would be a valuable outcome measure for individuals with impaired visual acuity during head movements. Not only would this test then measure a functional outcome, it would also allow one to assess the level of central compensation following a vestibular loss.

Computerized Dynamic Posturography 

The sensory organization test (SOT) battery of the computerized dynamic posturography test (CDP) is designed to assess an individual's ability to use visual, proprioceptive, and vestibular cues to maintain postural stability in stance. [27] [29] In general terms, this test measures an individual's balance (as measured by a force platform) while visual and somatosensory cues are altered. Although there are various balance measures that may be obtained with this type of test and there are several proprietary pieces of equipment available, most of the data have been collected on one such device (Equitest, NeuroCom International, Clackamas, OR). With this particular testing apparatus, the individual's maximum level of anterior-posterior sway is measured and is referenced to a theoretical maximum. The SOT is broken up into six different tests. In the first three tests the support surface is stable and visual cues are either present, absent, or sway referenced to the individual. In test 4 to 6, the support surface is sway referenced to the individual, and visual cues are either present, absent, or sway referenced. During tests 5 and 6, the only accurate sensory cues that are available for balance are vestibular cues. The reliability of the SOT has been demonstrated in the community dwelling elderly. Ford-Smith [10] and colleagues assessed the test-retest reliability at 1-week intervals. Although the composite equilibrium scores showed good reliability (ICC of 0.60), there was a range of correlation coefficients for the different sensory tests. Sensory test 3 had the least test-retest reliability (ICC of 0.26), and sensory test 5 had the best reliability (ICC of 0.68). These results were obtained in healthy elderly individuals over the age of 65. The reliability values may be different with different age ranges.

In spite of the questions about reliability, the SOT has been used in a number of studies to document changes in standing balance after vestibular dysfunction. [8] [15] [17] Herdman [15] and colleagues demonstrated statistically significant improvements in SOT 4 in patients undergoing vestibular adaptation exercises immediately following acoustic neuroma resection. Horak et al [17] showed a significant improvement in SOT5 and SOT6 in patients with chronic peripheral vestibular dysfunction following a vestibular rehabilitation program.

The SOT may provide a useful measure of one's ability to use different sensory cues for the maintenance of standing balance. An improvement in the ability to stand under SOT conditions 5 and 6 might indicate central compensation and an increased ability to use vestibular cues to maintain balance. These last two tests, however, are inherently more challenging and may be abnormal in individuals with normal vestibular function. Consequently, a direct inference to the level of central vestibular compensation cannot be made. Perhaps as questions concerning the test reliability and the best measure of balance in this test are answered, CDP will become a better measure of outcome.

Clinical versions of this test, using foam cushions to perturb sensory cues, have been used to assess the static postural stability and sensory organization of individuals with balance disorders. [6] [30] These tests show varied correlation with the results of the SOT. In general, the clinical tests may be less sensitive than the SOT. The clinical tests and their comparison to CDP are addressed later in the text.

Gait Measures 

Whereas CDP and the clinically related tests may measure vestibular contributions to balance, it is not clear that these measures have any relationship to functional activities such as gait. In studies of the elderly, gait velocity often is used as a measure of balance and mobility. In the elderly, gait velocity is correlated with numerous measures of balance, functional levels, and falls. [11] [26] [32] [42] For the elderly population, gait velocity is considered to be one of the better measures of balance and functional level. Numerous authors have reported that gait velocity is decreased in individuals with vestibular disorders. Glasauer et al [13] analyzed gait parameters in individuals with bilateral vestibular hypofunction and in similarly aged normal controls. They reported that the patients with bilateral vestibular loss had significantly lower gait velocity than the normal individuals (0.97 ± 0.11 m/second as compared to 1.13 ± 0.15 m/second respectively). The difference in gait velocity was caused by a decreased step length in the individuals with bilateral vestibular hypofunction. Whitney [40] and colleagues demonstrated a strong correlation between the timed up and go test (TUG) and gait velocity in individuals with peripheral vestibular disease. In addition, Krebs et al [23] and Gill-Body et al [12] report that patients with peripheral vestibular disorders had reduced gait velocity before the initiation of a vestibular rehabilitation program. Following the vestibular rehabilitation program, these individuals had increased gait velocity. Krebs and colleagues [23] reported that gait velocity increased approximately 15% following 16 weeks of outpatient and home-based vestibular rehabilitation. This was compared to a 4% increase in the control group, who were initially treated for 8 weeks with strengthening exercises, followed by 8 weeks of home-based vestibular rehabilitation. Gait velocity may prove to be a good outcome measure for patients with vestibular dysfunction.

Other investigators have suggested using a variety of gait tasks to evaluate gait, balance, and functional performance. These gait tasks generally include tandem gait, gait with head rotation, and gait with eyes closed. El-Kashlan [6] and colleagues reported age developed norms for a variety of clinical tests. In their analysis of clinical dynamic equilibrium they used eight tasks: rapid step-ups, tandem gait, gait at the subject's preferred pace, walking quickly, walking slowly, gait with horizontal head rotations, gait with vertical head rotations, and gait with eyes closed at the individual's preferred pace. In the last six gait tasks, the subjects were assessed for their ability to stay within an 18-inch wide path. They demonstrated that individuals with vestibular dysfunction performed worse on the clinical dynamic equilibrium tasks than the normal subjects. With therapy, the patients showed improvements in their clinical dynamic equilibrium score; however, the score remained below the normal level. Also, there was no indication whether the improvement in the score was statistically significant. The procedures and criteria are described in detail in the referenced manuscript. The normative data should be of benefit in the determination of normal and abnormal responses. Further evaluation with patients and comparisons to other recognized measures of outcome are needed to determine the sensitivity of this test battery.

CORRELATION BETWEEN MEASURES

How well do the various tests correlate? The answer to this question varies with the studies. Jacobson et al [20] compared the results of standardized vestibular tests (electronystagmography [ENG], rotary chair tests, and posturography) to the results of the DHI in over 350 consecutive patients referred for vestibular function tests. They noted significant correlations between the functional subscale of the DHI and SOT results from CDP. They noted moderately statistically significant negative correlations between the results of the functional subscale and SOT 2 through 6. The correlation coefficients in these tests were all statistically significant ( p < 0.05); however, the correlation coefficients ranged from r = -0.29 to -0.48. Using the criteria that r values less than 0.4 are poor, 0.4 to 0.75 are fair to good, and more than 0.75 excellent, the reported correlation coefficients are poor to fair. [9] There was also a negative correlation between the scores on the emotional subscale of the DHI and SOT 2, 4, 5, and 6. Again, these correlations were statistically significant but had r values from -0.30 to -0.39, which fall within the poor range for correlation coefficients. There was one significant correlation between the physical subscale scores and SOT 2 ( r = -0.28). There were essentially no correlations between the ENG results or rotary chair results and the DHI subscale scores. The authors draw the conclusion that performance on the SOT is a valid method of assessing the effect of imbalance on an individual's perceived functional limitations. This appears to be a rather strong conclusion given the weakness of the correlation coefficients. The authors subsequently modify this statement by recognizing that the more than 70% of the variance in the DHI scores is not accounted for by the SOT results. This points to the need for additional assessment of either real or perceived functional limitations.

In a similar study, Robertson and Ireland [34] studied the performance on the SOT and the DHI scores in 101 individuals with dizziness referred for neurologic evaluation. They reported that there were no correlations greater than 0.25 for any of the SOT scores and any of the DHI scores (individual subscales or total score). When they analyzed the patients with bilateral vestibular hypofunction, they noted significant correlations between SOT 4 and the physical and emotional subscales ( r = -0.6), and SOT 2 and 3 in the functional subscale and total score ( r = -0.8). The authors conclude that there is little useful clinical correlation between CDP scores and perceived handicap because of dizziness. The CDP results may be useful in assessing sensory integration and changes in balance over time, but clinicians are unable to predict or determine the patient's level of disability from these test results.

O'Neill, Gill-Body, and Krebs [30] evaluated the change scores in a number of clinical measures of gait, balance, and the posturography SOT following 6 to 8 weeks of vestibular rehabilitation in 16 patients with unilateral vestibular hypofunction and 21 patients with bilateral vestibular hypofunction. Although the authors don't report the actual changes, they demonstrate that a number of clinical measures (including gait velocity, tandem gait with eyes open, timed up and go test, standing balance on foam, and single-limb stance with eyes open) improve following vestibular rehabilitation. They also note that there is no consistent improvement in the SOT scores; in fact some of the scores decrease after the therapy. The authors make the point that there is little change in the sensory organization tests requiring vestibular cues after therapy. The implication is the SOT battery is not a sensitive indicator of change in balance control or compensation. Their results, however, are skewed by the greater number of individuals with bilateral vestibular hypofunction, who would not be expected to make significant improvements on SOT 5 and 6. The authors make the point in this study that there is little correlation between the changes in the SOT results and the changes in the other clinical tests. Specifically, there are only two significant correlations between SOT changes and changes in any of the gait parameters. There were poor to fair correlations between changes in SOT 4 and (1) changes in gait with head rotation, and (2) the stability assessment during the timed up and go test. The SOT changes were not correlated with improvements in gait velocity, which may be the best functional measure of balance and mobility. Again, the number of patients with bilateral vestibular loss may have influenced their results. There was no attempt to differentiate between the two diagnostic categories. The authors' main conclusion was that posturography should not be considered a functional outcome measure because there was no correlation with other physical measures of function.

In another study comparing the SOT of computerized dynamic posturography with clinical measures of balance, El-Kashlan [6] and colleagues drew somewhat different conclusions. In this study they compared normal individuals to patients with chronic vestibular symptoms before and after vestibular rehabilitation. The investigators assessed semiquantitative clinical measures of static equilibrium and dynamic equilibrium as well as the SOT. The clinical measures of static equilibrium included standing balance tests on firm and compliant surfaces, manipulation of visual cues, single limb stance, and tandem stance. The clinical measures of dynamic equilibrium consisted of stepping and gait activities described previously. The authors stated that there was a significant difference in the total SOT score between normal individuals and patients at the start of the rehabilitation program. At the completion of the rehabilitation program, they noted an improvement in the patients' scores, to the point that there was no significant difference between the normals and patients. They concluded that the SOT could be used to assess change in balance function. They also found a significant difference in the clinical static balance scores between normal individuals and patients before rehabilitation. Although there was an improvement in these scores with treatment, the difference between patients and normals was still present after rehabilitation. The authors found good correlation between the SOT score and the clinical measures of static equilibrium at all stages of the rehabilitation program ( r = 0.41 to 0.89, with p < 0.05). With regards to the dynamic equilibrium measures, the authors reported a significant difference between normal individuals and patients both pre- and postrehabilitation. No correlations were reported between the SOT scores and the clinical measures of dynamic equilibrium. Given the lack of improvement in the dynamic measures and the improvement in the SOT values, however, one might expect that there would be no significant correlation. At first glance, these results appear to agree with those of O'Neill et al, [30] but there are subtle differences in the two studies. El-Kashlan and colleagues noted improvements in the SOT and no improvement in gait measures, whereas O'Neill and colleagues noted improvements in the gait measures and no improvement in the SOT scores. It should be noted that the gait measures were different in the two studies, and the two groups analyzed the SOT results differently.

CONCLUSION

Which test or tests should one use to assess the outcome of treatment in patients with dizziness and imbalance? The answer to this question is not clear. It can be argued that none of the existing tests meet the three criteria set forth by Kirshner and Guyatt. [22] Of the existing tests, there is no clear predictive value of the physical measures to perceived imbalance or lifestyle limitations. If one is solely concerned about symptom resolution, then simple measures such as frequency of spells or visual analog scales (as used in pain measurements) are adequate. If one is concerned with functional outcomes and possible measures of central compensation, however, the most appropriate measurement tool is a combination of a self-perceived functional limitations test and appropriate measures of physical performance for the particular patient population (dynamic visual acuity, static postural stability, or dynamic postural stability).
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