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Abstract

Objective: The purpose of this systematic review was to complete a comprehensive search and review of the literature to determine the ability of the Berg Balance Scale (BBS) to predict falls in the elderly with and without pathology. Specifically, the cutoff score that is most predictive of falls in the older adults and the sensitivity and specificity of the BBS in predicting falls.

Methods: A search of English-language–based literature with relevant search terms using the OVID, CINAHL, PubMed, and MEDLINE search engines from 1985 to March 2009.

Results: Nine studies warranted inclusion in this systematic review after evaluation for article objectives, inclusion criteria, and scoring 5 or more out of 10 on the Physiotherapy Evidence Database scale. Five studies addressed the elderly population ( = 65 years) without pathology. The remaining 4 studies addressed elderly participants with neurological disorders. All 9 studies reported sensitivity and specificity of the BBS in predicting falls. Sensitivity and specificity results varied greatly depending on the cutoff score and the author's objectives. Eight of the 9 studies recommended specific cutoff scores.

Discussion and Conclusion: The BBS alone is not useful for predicting falls in the older adults with and without pathological conditions. Given the varied recommended cutoff scores and psychometric values, clinicians should use the BBS in conjunction with other tests/measures considering unique patient factors to quantify the chances of falls in the older adults. This study recommends research to formulate a scoring algorithm that can further enhance the clinician's ability to predict falls in the older adults.
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BACKGROUND

Falls among the older adults are a major health concern and may be associated with significant health care costs. Falls are the leading cause of injury deaths, nonfatal injuries, and hospitalizations for trauma among the older adults. In 2000, direct medical expenses for fatal falls totaled $179 million, and $19 billion for nonfatal injuries that may reach up to $54 billion by 2020.1,2 Defining falls and balance, predicting who is at risk for falls, and improving balance in the older adults are some of the leading topics in geriatric physical therapy today. Balance has been defined in terms of specific pathologies by several authors including participants with neurological diseases, orthopedic deficits, and vestibular disorders.3,4 Falls, for the purposes of this paper, are defined as a precipitous unplanned descent to the floor resulting in either injury or no injury. Many instruments have been developed to assess balance and predict falls in the older adults. One of the most reliable5–10 and valid10–17 outcomes measures tested in a variety of settings with differing populations and diagnoses developed today is the Berg Balance Scale (BBS).
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THE BERG BALANCE SCALE

The BBS, created in 1989, contains 14 static and dynamic activities related to everyday living.18 The BBS assesses balance and risk for falls through direct observation of the participant's performance by trained health care professionals in a variety of settings. The BBS tasks progress in challenges: from sitting to standing, standing with narrow base of support, and finally to tandem and single-leg stance. Scoring is on a 5-point ordinal scale with 0 indicating an inability to complete the task and 4 as independent with completing the task. The maximum score of 56 indicates good balance. The scale takes approximately 10 to 20 minutes to complete requiring minimal equipment (chair, stopwatch, ruler, and step) and minimal space. The BBS can be obtained from the Internet Stroke Center web site19 or video demonstrations can be viewed online.20
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Evidence of Validity

The BBS has been well established as a valid measure for predicting falls in a variety of patient populations. It has been validated as a predictor of length of stay and discharge destination in stroke rehabilitation,21,22 and as a predictor of length of stay and outcomes in acute inpatient rehabilitation when used in conjunction with the Functional Independence Measure.23

Validity using the BBS with participants with Parkinson disease (PD) was established by several authors and correlated with the Unified Parkinson Disease Rating Scale (r = −0.50, P < .001,14 and r = −0.58, P < .005).13 In participants with multiple sclerosis, concurrent validity was examined with respect to the Dynamic Gait Index (r = 0.78), Timed Up and Go Test (r = −0.62), Deambulation Index (r = −0.74), Activities-specific Balance Confidence (r = 0.48), and the Dizziness Handicap Inventory (r = −0.32, P < .001).12

Construct validity was examined in community-dwelling elderly Taiwanese in relation to the Timed Up and Go Test (r = −0.53, P = .01).10 Concurrent validity was studied with correlations to the Postural Assessment Scale for Stroke Patients (r = 0.93-0.95), and the Fugl-Meyer balance subscale (r = 0.90-0.92, P < .0001).16
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Evidence of Reliability

Moderate to high reliability has been established for the BBS within a variety of settings and diagnoses. Relative intrarater reliability for the BBS was high (Interclass Correlation Coefficient [ICC] = 0.97) when used with participants in residential care facilities, while absolute reliability indicated a large change of 8 points was needed to detect change in function (95% confidence interval).8 Moderate to good scores were evaluated for personal care home residents for interrater reliability (ICC = 0.88) and test-retest reliability (ICC = 0.77).24 Good interrater reliability (ICC = 0.87) was seen for the community-dwelling elderly Taiwanese.10

In adults with learning disabilities, interrater reliability was established (κ = 0.74-1.00) but test-retest reliability varied (κ = 0.37-1.00).25 Interrater and intrarater reliability were deemed excellent in acute stroke and elderly populations in a study by Berg et al.6 The interrater values for stroke were ICC = 0.98 and ICC = 0.92 for the older adults. Intrarater reliability values were ICC = 0.99 for stroke and ICC = 0.91 for older adults.6 A second study with stroke patients established a high interrater reliability (ICC = 0.95).16 Finally, 1 study including participants with parkinsonism revealed high test-retest reliability for the BBS (ICC = 0.90).26
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Psychometric Properties

Kornetti et al27 performed a Rasch Analysis on the original rating scale performance and described the 45 cutoff score in functional terms. The probabilities of each rating (0-4) for each item on the BBS was examined. The Rasch Analysis was used to compare the ability of a person to the item difficulty on the BBS.27 They identified items that participants scoring 45 or higher should be able to successfully complete. Four items were specifically identified as being important for participants to achieve a score at or near the 45 cutoff. These included alternating foot, looking behind, and standing on 1 leg. The fourth item, tandem stance, was found to be the most difficult item on the scale. Kornetti et al27 concluded that scale item scoring revisions on the BBS would help to further distinguish and connect a participant's functional level to the scale results and clinical assessments. Additionally, they provided a functional definition of what a person should be able to accomplish to score a 45 by putting a person's ability and item difficulty on the same linear continuum.

Wang et al10 performed an item analysis of the BBS with 268 community-dwelling elderly Taiwanese residents (age 73.84 ± 5.2). The mean (SD) score was 53.3 (4.1). The item response profile showed that more than 90% of the participants attained the highest score on all but 3 items (reach forward, tandem stance, and 1-leg stance). They concluded the 2 most difficult items, tandem stance and 1-leg stance, were useful to discriminate participants with history of falls from those without history of falls.
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OBJECTIVES

The objective of this systematic review was to examine the sensitivity, specificity, and recommended cutoff scores of the BBS to predict falls in the older adults. Systematic reviews have been conducted to assess the usefulness of the BBS in stroke rehabilitation28 and in combination with other measures for fall risk assessment.29 However, no systematic review has been conducted examining the ability of the BBS alone to predict falls in the older adults with and without pathological conditions. Therefore, a systematic review was conducted on the available literature pertaining to the ability of the BBS to predict falls in the older adults with and without pathology. Emphasis was placed on the specific cutoff scores that are most effective in predicting falls in the older adults, concentrating on the sensitivity and specificity of the BBS to predict falls.
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METHODS

Search Strategies

A search of the English-language rehabilitation literature published between 1985 to March 2009 was performed using electronic databases (OVID, CINAHL, MEDLINE, and PubMed). Articles were searched using the following key terms: falls, elderly, balance scale, BBS, stroke, cerebrovascular accident, CVA, multiple sclerosis, Parkinson disease, neurological, psychometrics testing, validity, reliability, specificity, and predicting falls. The reference sections in all found articles were examined to identify other relevant articles. Finally, authors of the selected publications were searched to obtain other relevant articles not initially found.
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Article Selection and Review

Articles selected were reviewed by 3 authors each for meeting the objectives and the inclusion criteria of psychometrics identifying sensitivity and specificity in relation to a cutoff score associated with the BBS to predict falls with a study sample's mean age of 65 ± 10 years. Included articles were rated using the Physiotherapy Evidence Database (PEDro) scale.30 The PEDro scale is widely used in rehabilitation literature to quantify a study design and is scored 0 (no) or 1 (yes) for a maximum score of 10.31

Decision rules were established for any discrepancy in PEDro scores as follows: (1) the criterion would be defined and explained to ensure the rater understands, (2) a specific reference in the article would be cited for clarity, and whether the raters continued to not agree, (3) the criterion would be scored by a majority vote from all authors. Only articles with a PEDro score of 5 or more out of 10 were included in this review. Finally, levels of evidence were identified for each included article.32
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RESULTS

The initial search of databases identified 244 publications related to the BBS. The number of publications reviewed was reduced to 90 when search strategies for keywords or phrases were included. After determining duplication of titles, non-English titles, and articles with modification of the BBS, 58 publications were identified as relating to the objective of this review. Of these, 48 articles were excluded for age (n = 15), not pertaining to fall prediction psychometrics or cutoff score (n = 29), or an analytical or systematic review (n = 4). The 10 remaining articles7,11,33–40 were rated using the PEDro scale. One study33 scored less than 5 out of 10 resulting in 9 publications for this review.7,11,34–40 The PEDro score and level of evidence for each article included is provided in Table 1.
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Study Description

A description of the included articles are listed in Table 2, detailing the study design, age and gender, primary diagnosis, sample size, and inclusion/exclusion criteria used for each study. Several of the studies included were case-control studies,35–38,40 meaning the authors were looking at whether participants have the disorder in question (ie, fall risk). The remaining articles were prospective cohort studies,7,11,34,39 following participants over time to determine whether the BBS could predict falls. The majority of the studies reported more female participants than male, and all focused on older adults with a mean age greater than 68.1 years. Sample sizes ranged from 44 to 187 participants with the 3 primary diagnoses noted as community-dwelling older adults (without pathology),7,11,35,37,38 stroke,34,39 and PD.36,38
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Study Psychometrics

The psychometric properties of the BBS obtained for each study are provided in Table 3, including the recommended cutoff score, sensitivity and specificity, and other relevant information. Sensitivity and specificity were addressed in all 9 articles.7,11,34–40 Sensitivity for the BBS ranged from 25%11 to 95.5%35 and specificity ranged from 20.8%38 to 100%.34 These sensitivities and specificities are calculated on the basis of recommended BBS cutoff scores, ranging from 3335 to 54.11,36 Eight of the articles made recommendations about the appropriate cutoff score.11,34–40
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Five studies investigated the BBS in relation to the elderly population. Four of these studies addressed community-dwelling older adults,7,11,35,40 while 1 addressed nursing home and community-dwelling older adults.37 These studies reported a range in sensitivity between 53%7 and 88.2%,35 specificity between 53%11 and 96%,7 and cutoff scores between 4637 and 54.11 Bogle-Thorbahn and Newton7 found that older adults fell more frequently when BBS scores were closer to the recommended cutoff of 45 and fall frequency was not as high in participants with scores further away from the cutoff. They concluded that participants scoring much lower than the 45 point cutoff were the most impaired and had adopted strategies to minimize the risk of falling, including the use of an assistive device and/or companion during mobility. In addition, they concluded that participants with the greatest physical impairments did not actually have the highest risk of fall. The results of this study indicate the BBS was not sensitive (53%) to identify participants with history of falls, but was specific (92%-96%) to identify those without history of falls. A ceiling effect was reported, resulting in the BBS being insensitive to differences among participants with very high levels of balance.7

Chiu et al35 identified sensitivity and specificity values at 3 different cutoff scores. A cutoff of 47 had an 88.2% sensitivity and 76.5% specificity. At a cutoff of 38 and 33, the sensitivity increased to 95.5% and 94.1%, respectively, with specificity increasing to 95.5% and 90.9%, respectively. They also used logistic regression to identify 2 items that were significant to discriminate participants with history of single fall from those without history of falls: picking up an object from the floor and standing on 1 leg. These items had an odds ratio (OR) = 0.27 and OR = 0.21, respectively. Chiu et al35 determined that picking up an object from the floor (OR = 38.0) and placing alternate feet on a stool (OR = 46.0) were significant for discriminating participants with history of single fall from those with history of multiple falls.

Muir et al11 compared different fall groups: any fall, multiple falls, and injurious falls. This study compared the previously identified cutoff of 4529,41 to their recommendation of 53 to 54 as the cutoff score. Refer to Table 3 for detailed information on sensitivity, specificity, and cutoff scores for the different groups. The authors recommended a higher cutoff score of 53 to identify participants with history of multiple falls and 54 to identify any elderly person at risk for a fall for optimal fall prediction sensitivity.11

Shumway-Cook et al40 identified that a BBS score of 49 or higher has a sensitivity of 77% and specificity of 86%. By plotting the predictive probability for falls as a function of the BBS, they demonstrated the BBS has a nonlinear and inverse relationship to fall risk. They determined for BBS scores between 56—and 54, each point lower on the BBS increased fall risk by 3% to 4%. Fall risk increased by 6% to 8% for each score lower between 54 and 46. Fall risk was nearly 100% for scores less than 36 and further decline in the BBS score did little to change the participant's fall risk. The authors concluded that a single-point change on the BBS can lead to different predicted probabilities of falling, and they suggested that this model can be used to quantify the relative fall risk, detect clinically relevant changes in fall risk, and measure the changes from various interventions used.

In contrast to the other studies including only community-dwelling older adults, the study by Lajoie and Gallagher37 included community-dwelling and nursing home older adults. They identified 46 as the recommended cutoff point for the BBS in their sample, yielding 82.5% sensitivity and 93% specificity. They determined that 50 points on the BBS was associated with a 10% risk for fall, whereas a score of 38 was associated with a 90% risk of fall. These authors also determined that the 1-leg stance item was the most significant predictor on the BBS to predict falls.

Two studies examined individuals with a history of stroke.34,39 Ashburn et al34 recommended a cutoff at 48.5, with sensitivity and specificity in the elderly stroke population at 85% and 49%, respectively. Mackintosh et al39 recommended a similar score of 49, with sensitivity and specificity in this population at 92% and 65%, respectively. Mackintosh et al39 also showed that BBS scores less than 49 could independently predict 2 or more falls in the 6 months after discharge from stroke rehabilitation. This predictive value was strengthened when combining history of fall in the hospital/rehabilitation with a BBS score less than 49, producing sensitivity and specificity at 83% and 91%, respectively.

These same studies34,39 addressed both positive predictive values (PPV) and negative predictive values (NPV). PPV is the estimate of the likelihood that a participant with a positive test actually has the condition of interest, in this case falls. NPV is the proportion of participants who are correctly identified as not having the condition of interest, for example, a fall. Ashburn et al34 determined PPV and NPV as 55% and 83%, respectively, at the 48.5 cutoff. Mackintosh et al39 identified PPV and NPV at 42% and 97%, respectively, with a cutoff of 49.

The last diagnostic group identified in this systematic review examines participants with PD.36,38 The authors of these studies recommended different cutoff scores for this population. Dibble and Lange36 recommended using a cutoff of 54, while Landers et al38 recommended using 43.5 as the cutoff. The 54-point cutoff yielded sensitivity of 79% and specificity of 74%,36 whereas the 43.5 point cutoff yielded 68% sensitivity and 95.8% specificity.38 Both studies applied various cutoff points to their data to determine sensitivity and specificity at individual points to determine what was thought to be the best predictive cutoff point.

Landers et al38 disagreed with the 54 point cutoff recommended by Dibble and Lange36 because the higher score may have placed too many participants without history of falls into the category of participants with history of falls. Landers et al38 found that a cutoff of 43.5 had a 94.4% posttest probability to classify participants with history of falls. In comparison, the cutoff of 54 proposed by Dibble and Lange36 had a posttest probability of 56.8% to accurately classify participants with history of falls.
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DISCUSSION

One objective of this systematic review was to determine the sensitivity and specificity of the BBS to predict falls in the older adults. Sensitivity for the BBS would indicate the ability of the test to identify a balance deficit in participants who have decreased balance abilities.42 This review identified a wide range of sensitivity values depending on the study and the cutoff value. Bogle-Thorbahn and Newton7 attributed a low BBS sensitivity to the relationship between physical impairments (those who may develop compensatory strategies or use an external device) and risk for falls (those who have not developed compensatory strategies). This underscores the findings that participants who scored closer to the cutoff score of 45 fell more than those with a lower score. Dibble and Lange36 found a low sensitivity at a cutoff of 46 for persons with PD and noted that sensitivity was increased at a higher cutoff score of 54. Finally, Muir et al11 attributed low sensitivity to an inadequate cutoff score and thus raised the cutoff for community-dwelling older adults in their study to 54. Even with the higher cutoff score the sensitivity was still low. They based their findings on the multi-factorial nature of falls, concluding the use of a single tool to predict falls was inaccurate. They recommended using the BBS as a part of a more comprehensive falls assessment.

Specificity is the probability that a person who does not have the condition will have a negative test, or does not identify a balance deficit in those with good balance.42 As with sensitivity, specificity significantly varied on the basis of recommended cutoff scores. Ashburn et al34 reported the lowest of the 9 articles. They explained that the wide range of factors related to falls and the variety of settings used in their study may have contributed to a lower specificity. Landers et al38 modified the recommended cutoff score to focus on increasing specificity for fall prediction in participants with PD and suggested their intent was to improve specificity to reduce the chance of incorrectly identifying a participants with history of falls as a participants without history of falls. When Muir et al11 focused on improving the sensitivity of the BBS by raising the optimal single cutoff score, specificity decreased. Overall, all publications except Ashburn et al34 revealed moderate to high specificity, even with the variances in cutoff scores.

A second objective of this study was to identify the best cutoff score to predict falls in the older adults with and without pathological conditions. Our review was unable to identify a predictive cutoff score for use in the practice setting. One reason may be the diagnostic groups included in our review were too broad to draw conclusions for the entire elderly population. However, even within the same diagnostic groups (community-dwelling and PD) the recommended cutoff scores varied. The 2 studies34,39 regarding recommended cutoff scores for stroke were in near agreement, however, the findings were not statistically significant. In addition, the low number of accepted articles into our study may have limited the information available for cutoff score recommendations. Therefore, the BBS needs to be studied in various diagnostic groups to identify the best predictive score for each particular diagnosis, or whether a narrow range of cutoff scores can be used across healthy older adults and adults with a particular diagnosis.

BBS cutoff score recommendations appear to lie on a continuum for predicting falls in the older adults. As previously stated, Shumway-Cook et al40 concluded fall probability has an inverse, nonlinear relationship to the BBS score. As the BBS score decreased, the risk for falling increased at different rates, depending on where, along the scale, the BBS score falls. A 1-point change in the BBS score led to a 6% to 8% increase in fall risk. Conversely, Bogle-Thorbahn and Newton7 found that participants fell more frequently when scores were closer to the cutoff point of 45 than to lower scores. They suggest, this was related to compensation strategies used by those with decreased balance to minimize falls. Since no score indicates that a person will not fall, it might be better to determine when the risk of fall is low enough for a clinician to determine client safety and independence.

Some authors have suggested that individuals who score 40 or less use mobility aides and recommend balance interventions to reduce the risk for falling.7,11,40 This recommendation may relate in part to the findings by Shumway-Cook et al,40 in which older adults with BBS scores at 40 were at nearly 100% risk for falling, and Lajoie and Gallagher,37 who found a 90% risk for scores 38 or less. Additionally, Shumway-Cook et al40 found that scores near the originally recommended cutoff of 45 revealed an increased risk of falls when compared with lower scores. The use of a mobility aide for clients who score less than 45 may be an adequate compensation for safety and may explain a decrease in falls compared with those with a BBS near 45.7 These studies seem to imply that a score of 40 may be a useful cutoff point to indicate a client may need a mobility device; however, additional research is warranted to confirm these findings
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Study Biases/Limitations

We recognize that our inclusion and exclusion parameters may have potentially biased our review process. Omitting articles on the basis of age may have excluded studies just outside the set age or excluded certain pathologies (ie, multiple sclerosis and brain injury) that tend to occur in younger people. Also, the PEDro rating inclusion criteria may have excluded some articles that have good results but do not fit the scale properly, therefore resulting in a lower rating. Another limitation may be the inclusion of English-language publications only; therefore, valuable data could have been overlooked.

Back to Top

Recommendations for Future Research

To determine fall risk, particularly in individuals with comorbidities, modifications of BBS items based on the Rasch analysis27 may help differentiate participants with history of falls from participants without history of falls more accurately. Such modifications may allow for increased accuracy to determine a person's true functional ability as related to the scale and clinical assessments. Such an item analysis of the BBS may help distinguish items that are most pertinent to fall risk,10,35,37 and better classify individuals who have history of single, multiple, and recurrent falls.
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CONCLUSION

The BBS alone is not able to definitively predict fall risk and no cutoff score was identified in this review as the optimal score for fall risk prediction. Rather, a range of scores to identify people who have an increased risk for falls and those who require mobility devices should be used. The BBS is only one test that a clinician can use to help identify and measure changes to elderly clients' fall risk as a part of a total balance evaluation. We recommend that the BBS be used in conjunction with other tests or measures as a total balance assessment. It should be combined with unique patient factors to quantify an older adult's chances of falls and to help guide a clinician's recommendation for client safety and interventions.
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