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INTRODUCTION

Hip fracture is a frequent injury among older adults.1) Only 
about half of adults who experience a hip fracture recover 
the same level of mobility that they had before the injury, and 
many need post-injury assistance with daily activities.2) An 
individual’s ability to walk without assistance and the degree 
of independence in his/her activities of daily living (ADLs) 
are reportedly predictors of prognosis at 1 year after hospital 

discharge in older adults with hip fracture.3,4)

Balance function is an important factor in predicting walk-
ing ability,5) and the Berg Balance Scale (BBS) is commonly 
used to assess balance function.6) There is also a significant 
positive correlation between the BBS score and walking 
ability.7) Although the BBS has been used to predict the 
walking ability prognosis in stroke patients,8,9) its use has not 
been investigated in patients with hip fracture. The factors 
that influence the prognosis of hip fracture patients include 
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Objectives: The aim of the current study was to identify a cut-off value for predicting walking 
independence at discharge in older adults with hip fracture based on their Berg Balance Scale 
(BBS) score at admission to a convalescent rehabilitation ward. Methods: This was a retrospec-
tive, multicenter, observational study of 187 older adults with hip fractures (mean age 83.7, range 
66–97 years). Data was collected on the patients’ age, sex, treatment, and physical function evalu-
ation. An ordinal logistic regression analysis was used to identify predictors associated with the 
degree of independence in walking at discharge. Receiver operating characteristic curves were 
used to estimate cut-off values to predict independent and supervised walking at discharge based 
on the BBS score at admission. The accuracy of the classification was assessed using the area 
under the curve (AUC). Results: The BBS score at admission was a significant factor predicting 
the degree of walking independence at discharge (odds ratio = 1.09, 95%CI: 1.06–1.11). The cut-off 
values of the BBS score at admission for predicting independent walking and supervised walking 
at discharge were 28 points (AUC = 0.76, 95%CI: 0.69–0.83) and 21 points (AUC = 0.84, 95%CI: 
0.77–0.91), respectively. Conclusions: The BBS scores of older adults with hip fracture on admis-
sion to a rehabilitation ward are useful for predicting the degree of independence in walking at 
discharge and can help to structure therapy according to the predicted degree of independence.
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age, sex, treatment, and pre-injury cognitive and motor 
function.10–12) However, some reports state that patients with 
cognitive impairment achieve the same functional recovery 
as those without cognitive impairment.13) It has also been 
demonstrated that it is useful to provide long-term reha-
bilitation for older adults with hip fracture, regardless of the 
degree of cognitive impairment.14) Moreover, BBS scores are 
a useful indicator of functional recovery regardless of age, 
sex, or comorbidities.15) It may thus be possible to predict the 
prognosis of functional improvement by using BBS scores.

Stroke and hip fracture are the major diseases of patients 
in convalescent rehabilitation wards in Japan. It has been 
reported that a BBS score of ≥13 points at admission to a 
convalescent rehabilitation ward is predictive of walking in-
dependence at 3 months after admission for individuals with 
a first stroke;9) however, the BBS score at admission required 
for walking independence may differ between patients with 
stroke and those with a hip fracture because the mechanisms 
of balance impairment and the recovery process are different 
in these populations. We conducted the present study to es-
tablish a cut-off BBS score at admission that could be used to 
predict the walking ability at discharge from a convalescent 
ward in older adults with hip fracture.

MATERIALS AND METHODS

Study design
This was a retrospective, multicenter, observational study. 

We analyzed the data of older adults who were admitted with 
a hip fracture to three convalescent rehabilitation wards in 
Japan during the 26-month period from April 2018 to June 
2020. We publicized information about the study, including 
an opt-out option, and we ensured that patients had the op-
portunity to decline to participate. The study was approved 
by the Ethics Review Committees of Fujioka General Hos-
pital, Public Nanokaichi Hospital, and Hidaka Rehabilitation 
Hospital (approval nos. #194, #20200020, #20200503) and 
was conducted in compliance with the Declaration of Hel-
sinki.

Subjects and setting
Data were collected from the medical records of the three 

above-mentioned hospitals. The inclusion criteria for this 
study were (1) age ≥65 years, (2) sustained a hip fracture 
due to a fall, (3) first hip fracture, (4) allowed by a physician 
to walk with full weight from the time of admission, and (5) 
Functional Ambulation Categories (FAC) score ≤3 at admis-
sion. The exclusion criteria were (1) unable to complete an 

evaluation of balance and walking function with verbal in-
structions, (2) blindness or severe vision impairment affect-
ing the patient’s ability to walk independently, (3) walking 
impaired by neurological or musculoskeletal diseases other 
than a hip fracture, (4) missing BBS scores at admission or 
discharge, and (5) chose not to participate.

The patients were evaluated within 1 week of admission 
and within 1 week before discharge for balance function 
by undergoing BBS assessment, for their independence of 
gait by the FAC, and by a determination of walking aid use. 
These assessments were performed by a physical therapist 
with a thorough understanding of the BBS and walking 
assessment. Rehabilitation was provided daily during hospi-
talization; the average daily rehabilitation time was >60 min 
and was aimed at improving balance function, walking, and 
the ability to perform ADLs. The data collected were: (1) age 
and sex, (2) treatment of the hip fracture, (3) BBS scores at 
admission and discharge, and (4) FAC score and walking aid 
use/non-use at discharge.

Clinical assessments
Berg Balance Scale

The BBS test includes 14 tasks, each rated on a scale of 
0–4, with 56 being the maximum total score. The higher the 
score, the better the balancing ability.7) The tasks include 
(1) Change of position: sitting to standing, (2) Standing 
unsupported, (3) Sitting unsupported, (4) Change of posi-
tion: standing to sitting, (5) Transfers, (6) Standing with 
eyes closed, (7) Standing with feet together, (8) Reaching 
forward while standing, (9) Retrieving an object from floor, 
(10) Turning trunk (feet fixed), (11) Turning 360°, (12) Stool 
stepping, (13) Tandem standing, and (14) Standing on one 
leg. The BBS score has shown high degrees of reliability and 
validity for older adults.16,17)

Functional Ambulation Categories
The FAC scale is an assessment that evaluates the ability 

to walk stably on a straight course, on stairs, and outdoors.18) 
The FAC scale categorizes the need for assistance in walking 
into several classes and classifies walking ability into six 
levels from 0 (unable to walk) to 5 (able to walk completely 
independently, including on stairs). FAC scores have high 
test–retest reliability and inter-rater reliability (Cohen’s 
κ = 0.950 and 0.905, respectively) for people admitted to a 
rehabilitation hospital.19)

Data analysis
By using the Shapiro–Wilk test, we examined the nor-
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mality of the patients’ BBS scores and the number of days 
between injury/surgery and evaluation of their admission 
and discharge BBS scores. Based on their FAC scores at 
discharge, we classified the patients into three groups: the in-
dependent-walking group (FAC ≥4), the supervised-walking 
group (FAC = 3), and the assisted-walking group (FAC ≤2), 
and we compared the patient characteristics and BBS scores 
at admission among the groups. The Kruskal–Wallis test was 
used to compare the three groups, and if there was a signifi-
cant difference, the Bonferroni test was used. Fisher’s exact 
test was used to compare the nominal scales, and if there was 
a significant difference, the Bonferroni test was used.

To clarify whether the patients’ BBS score at admission 
was associated with the degree of walking independence at 
discharge, we performed an ordinal logistic regression anal-
ysis. The ordinal variable was the degree of independence 
in walking (independent, supervised, and assisted), and the 
independent variables were the BBS score at admission and 
the items that showed significant differences among the three 
groups.

The cut-off values of the BBS score at admission for clas-
sifying the degree of independent walking and supervised 
walking at discharge were calculated from the receiver 
operating characteristic (ROC) curves at the point where the 
ROC curve was closest to the upper left of the graph. It has 
been shown that older adults who routinely use a wheeled 
walker achieve greater improvement in walking parameters 
compared to those who can walk normally.20) As a result, a 
person may be able to walk independently or with supervi-
sion even with a lower balance function when he or she is 
using a wheeled walker. We therefore calculated two cut-off 
values of the BBS score at admission: one for independent 
walking and another for supervised walking using a wheeled 
walker at discharge, based only on the patients who were us-
ing a wheeled walker at discharge. The accuracy of the clas-
sification was verified by the area under the curve (AUC). 
An AUC value of 0.5–0.7 indicates low prediction accuracy; 
0.7–0.9 indicates medium prediction accuracy, and ≥0.9 
indicates high prediction accuracy.21) We also applied k-fold 
cross-validation to verify the robustness of the model and to 
avoid overfitting. The original data set was divided into three 
subsets by random number generation. In each cross-valida-
tion, one subset was kept as the test set and the other two 
subsets were used as the training set. The cross-validation 
was repeated three times, and each of the three subsets was 
used as the test set only once. The results for each fold were 
then averaged to produce a single estimate. All statistical 
analyses were performed using the R program, ver. 4.1.0 (R 

Foundation for Statistical Computing, Vienna, Austria). We 
used P<0.05 as the level of significance.

RESULTS

During the recruitment period, 281 individuals were ad-
mitted to one of the three hospitals for a first hip fracture; of 
these, 270 were aged ≥65 years. Among them, eight patients 
were excluded because their injuries were from causes other 
than a fall and ten patients were excluded whose walking 
ability was scored as independent (FAC ≥4) on admission. 
Consequently, we analyzed data from the 187 patients who 
had undergone assessment at both admission and discharge 
and did not decline to participate. Table 1 summarizes the 
patients’ characteristics. The mean age ± SD was 83.7 ± 6.6 
years (range 66–97 years), and most had undergone surgery.

Of the patients who were able to walk independently, eight 
were completely independent (with a cane, n=5; without an 
aid, n=3). None of the patients were completely independent 
in walking with a wheeled walker. Fourteen patients were 
unable to walk even with assistance when discharged. The 
BBS scores and the number of days elapsed before evalu-
ation of the patients’ admission and discharge BBS scores 
were not normally distributed (P<0.01).

The three groups based on the degree of independence 
in walking at discharge (independent, supervised, and as-
sisted) exhibited significant differences in the BBS scores at 
admission, the surgical procedure, and the number of days to 
evaluation of the discharge BBS. In the comparison between 
groups by Bonferroni test, the surgical procedures were not 
significantly different among the groups. The number of days 
to evaluation of the discharge BBS was significantly lower in 
the independent-walking group compared to the supervised- 
and assisted-walking groups (P<0.01), and the BBS scores 
at admission were significantly different among all three 
groups (P<0.01).

The patients’ BBS scores at discharge had significantly 
improved compared to those at admission, regardless of 
the degree of walking independence or the use/non-use of 
a wheeled walker at discharge (Table 2). The results of the 
logistic regression analysis indicated that the BBS score at 
admission was a significant factor affecting the degree of 
independence in walking at discharge (Table 3).

The ROC curves for the degree of independence in walk-
ing at discharge are depicted in Figure 1 and Table 4. The 
cut-off value of the BBS score at admission for independent 
walking at discharge was 28 points (AUC = 0.76, 95%CI: 
0.69–0.83), and that for supervised walking at discharge was 
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Table 1. Characteristics of the patients and comparison of groups by degree of walking independence at discharge

Overall (n=187) Walking independence at discharge P-value
Independent 

(n=59)
 Supervised 

(n=96) Assisted (n=32)

Age (mean ± SD) 83.7 ± 6.6 82.3 ± 6.6 84.1 ± 6.6 85.2 ± 6.0 0.12
Sex  (n) 
 Male/female 41/146 10/49 21/75 10/22 0.29

Fracture type (n) 
 Inside/outside 88/99 30/29 44/52 14/18 0.80

Surgical procedure (n)
 Bipolar hemiarthroplasty 75 29 36 10

< 0.05
 Intramedullary nail 96 27 53 16
 Plate fixation 10 0 6 4
 Conservative 5 2 1 2
 Other 1 1 0 0
Days to evaluation of admission 
BBS after operation or injury  
(mean ± SD) 
 Median (1st–3rd quartile)

25.6 ± 12.8 
22.0 (16.0 – 32.0)

22.7 ± 10.3 
20.0 (15.0 -30.5)

27.3 ± 14.0 
24.5 (16.0 36.0)

25.7 ± 12.8 
22.0 (15.8 – 29.5) 0.23

Days to evaluation of discharge 
BBS after operation or injury 
(mean ± SD) 
 Median (1st–3rd quartile)

76.9 ± 25.9 
74.0 (60.5 – 93.5)

66.2 ± 24.8 
62.0 (54.0 – 72.0)

80.5 ± 25.8 
79.0 (63.0 – 98.0)

85.6 ± 22.2 
83.5 (71.0 – 100.5) < 0.01

Admission BBS Score (mean ± SD) 
 Median (1st–3rd quartile)

25.0 ± 13.9 
26.0 (12.0 – 37.0)

33.5 ± 11.2 
36.0 (27.0 – 42.0)

24.1 ± 12.9 
24.0 (12.8 – 34.0)

11.7 ± 9.7 
9.0 (4.8 – 18.3) < 0.01

Discharge walking aid (n) 
 Wheeled walker/cane/no device 60/66/61 17/29/13 34/29/33 9/8/15 0.05

Discharge FAC (n) 
0/1/2/3/4/5 14/3/15/96/51/8 0/0/0/0/51/8 0/0/0/96/0/0 14/3/15/0/0

Fig. 1. ROC curves for Berg Balance Scale scores at admission for each degree of walking independence at discharge. The 
ROC curves show the prediction accuracy (sensitivity and specificity) for (A) the overall population and (B) patients using 
a wheeled walker for identifying the degree of walking independence. 
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21 points (AUC = 0.84, 95%CI: 0.77–0.91). The cut-off value 
of the BBS score at admission for independent walking with 
a wheeled walker at discharge was 25 points (AUC = 0.70, 
95%CI: 0.54–0.86), and that for supervised walking with 
a wheeled walker was 19 points (AUC = 0.72, 95%CI: 
0.57–0.86).

To verify the robustness of the models and to avoid over-
fitting, we applied a k-fold cross-validation with k = 3. The 
ROC curves were plotted again for each model, and the mean 
AUC for predicting walking independence overall was 0.76; 
the mean AUC for predicting supervised walking was 0.84. 
The mean AUC values for both walking independence and 
supervision for wheeled walkers were 0.71. In the test data, 
the mean sensitivity and specificity values of the prediction 
of walking independence overall were 0.74 and 0.67, and 
those for supervision were 0.69 and 0.78. Considering only 
the patients using wheeled walkers, the mean sensitivity and 
specificity values of the prediction of walking independence 
were 0.48 and 0.73, and those of the prediction of the need for 
supervision were 0.61 and 0.56.

DISCUSSION

In this study of 187 older adults with hip fracture admitted 
to a convalescent rehabilitation ward for intensive rehabilita-
tion in Japan, the BBS score at admission was a significant 
predictor of their degree of walking independence at dis-
charge. The ROC curves indicated that (1) a BBS score ≥28 
points at admission could predict that the patient would be 
able to walk independently at discharge, and (2) a BBS score 
≥21 points could predict that the patient would be able to 
perform supervised walking at discharge. With the use of a 
wheeled walker, a BBS score ≥25 points at admission could 
predict the ability to walk independently at discharge, and a 
BBS score ≥19 points could predict the ability to walk with 
supervision at discharge.

In a k-fold cross-validation, the mean AUC for all models 
was >0.70. In the overall patient population, the mean sen-
sitivity and specificity values of the test data for predicting 
walking independence and supervision were close to the 
sensitivity and specificity values of the original predictive 
model. The cut-off BBS scores for the overall patient popula-
tion thus also exhibited internal validity. In the analysis of 
only the wheeled walker users, the mean value of the speci-
ficity of walking supervision in the test data was lower than 
the specificity value of the original predictive model. This 
was because very few individuals using a wheeled walker 
needed assistance and very few people needed assistance in 
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each test data set.
The cut-off BBS scores for predicting independent and 

supervised walking obtained in this study may help guide 
therapists in making decisions about when to discharge 
older hip-fracture patients and how to support them after 
discharge. The prediction of independent walking is also 
useful in decisions regarding where to discharge a patient 
from the hospital (e.g., the patient’s home or another type of 
healthcare facility). Furthermore, the cut-off value for super-
vised walking revealed herein is of interest because walking 
short distances without assistance is an important factor in 
determining home discharge in older adults.22)

In the present patient population, the BBS median dis-
charge score (1st–3rd quartile) for those who were able to 
walk independently was 50.0 points (47.0–53.0). The reported 
cut-off BBS scores for older adults who suffered a fall were 
47.0 points for those living in nursing homes and 48.5 points 
for those living in the community. Individuals with a BBS 
score ≥28 at admission are thus likely to be walking inde-
pendently and at a low risk of falling at discharge.17,23) In our 
present investigation, the cut-off BBS score for the use of a 
wheeled walker had higher specificity than sensitivity. When 
we examined only the patients who used a wheeled walker, 
we observed that the quartiles of BBS scores overlapped 
between the patients who achieved independent walking and 
those who attained supervised walking and between those 
with supervised and assisted walking. The same BBS scores 
may therefore have reflected different degrees of walking 
independence, and this may have resulted in the low sensitiv-

ity values. However, the high specificity may be useful in 
predicting which patients will need supervision and support 
for walking, even if they use a wheeled walker at discharge.

In stroke survivors admitted to a convalescent rehabilita-
tion ward, the cut-off BBS score at admission for predict-
ing walking independence was 13 points, whereas in older 
adults with a hip fracture, the cut-off value was higher at 28 
points.9) This difference may have occurred because the mean 
age ± SD of the present patients was 83.7 ± 6.6 years, which is 
rather high, and because there is a phase during the first 3 
months of stroke recovery when significant improvement in 
walking function can be expected in stroke survivors.24)

We observed a difference of 7 points between the cut-off 
value for independent walking and the cut-off value for su-
pervised walking, and a difference of 6 points between the 
cut-off values when a wheeled walker was used. The mini-
mum detectable change for BBS scores in the range 0–24 
is 4.6 points, and that for the range 25–34 is 6.3 points.25) 
Therefore, the difference between the cut-off BBS scores on 
admission predicting independent walking and supervised 
walking at discharge was greater than the measurement er-
ror. However, the difference between the cut-off values for 
independent walking with and without the use of a wheeled 
walker was 3 points, and the difference between the cut-off 
values for supervised walking with and without the use of a 
wheeled walker was 2 points. These differences fall within 
the range of the measurement error, but a patient’s ability to 
walk even with the use of an assistive aid such as a wheeled 
walker is beneficial for improving his or her activity level at 

6 Tamura S, et al: Cut-off Values on BBS Predicting Walking Independence

Table 4. Cut-off values of Berg Balance Scale scores at admission for each degree of walking independence at discharge

Cut-off value AUC 95%CI Sensitivity Specificity LR+ LR–
Overall
 Independent 28 0.76 0.69 – 0.83 0.73 0.69 2.34 0.39
 Supervised 21 0.84 0.77 – 0.91 0.70 0.84 4.47 0.36
Wheeled walker
 Independent 25 0.70 0.54 – 0.86 0.53 0.84 3.25 0.56
 Supervised 19 0.72 0.57 – 0.86 0.55 0.78 2.47 0.58
AUC, area under the ROC curve; LR+, positive likelihood ratio; LR–, negative likelihood ratio.

Table 3. Results of the logistic regression analysis for predicting the degree of walking independence at discharge

Variable B  Odds ratio 95%CI P-value
Days to evaluation of discharge BBS –0.01 0.99 0.98 – 1.00 < 0.05
Admission BBS Score 0.08 1.09 1.06 – 1.11 < 0.01
B, regression coefficient; 95% CI, 95% confidence interval.
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the discharge site.
Regardless of the degree of independence in walking at 

discharge, the BBS scores of the present series of older adults 
with hip fractures improved between admission to discharge. 
It is important to implement exercises aimed at improving 
balance function even for people who are predicted to be 
unable to walk independently, because higher BBS scores 
contribute to the improvement of engaging in ADLs.26)

In the current study, the BBS score at admission and the 
number of days to the discharge BBS evaluation were the 
factors influencing the degree of walking independence at 
discharge. A study of patients in a geriatric rehabilitation unit 
also showed that the patients’ walking function improved 
with a shorter length of stay, but this may be because the 
patients whose walking function improved at an early phase 
were discharged with a shorter length of stay.27) We could 
not evaluate the cognitive function of the present patients, 
but it has been reported that (i) cognitive function was not 
a significant factor in predicting unassisted walking among 
individuals with stroke, and (ii) only balance function was a 
significant factor.28) The prediction of walking independence 
at discharge using only the BBS score at admission could 
therefore be sufficient, but cognitive function may have an 
effect on the classification from independent walking to 
outdoor walking and/or on the speed of walking.

The surgical procedure and fracture type were shown not 
to be significant factors in our present analyses. A system-
atic review of pre-discharge predictors of physical function 
in older adults after hip fracture surgery indicated that the 
fracture type was not associated with post-discharge physi-
cal function.29) Another study observed that the difference 
between extracapsular and intracapsular fractures was not a 
predictor of patients having difficulty walking.30) The surgi-
cal procedure and fracture type were also found not to be 
significant factors in the present study.

There are several limitations to this study. (1) It was a retro-
spective analysis, and we were not able to collect comprehen-
sive information on factors that affect walking independence 
such as the patients’ walking ability before the fracture, the 
aids they used, the presence of frailty, the nutritional status, 
and cognitive function. We were thus unable to adjust for the 
effects of confounding factors that may affect walking inde-
pendence. (2) The influence of the surgical procedure and 
that of residual postoperative pain on walking independence 
were not directly taken into account; however, we believe 
that these factors are indirectly reflected in the BBS scores. 
(3) We excluded individuals with comorbidities that might 
affect gait function, and we were thus unable to determine 

the impact of comorbidities. For example, if a patient had 
muscle weakness prior to the hip fracture due to one or more 
comorbidities, or if there was motor paralysis or sensory im-
pairment due to neurological disease, the recovery process 
may be affected. The generalizability of our findings is thus 
limited. (4) We were not able to fully test the reliability of 
the BBS and FAC data for assessments across institutions. 
However, since the BBS and FAC scale are reportedly highly 
reliable, it may be useful to use the cut-off values obtained 
in this study at other institutions.17,19) (5) We defined walking 
independence as an FAC score ≥4, but this definition may not 
be sufficient for defining the walking ability of older adults 
living in the community. It will be necessary to also evaluate 
walking function based on walking speed and distance.

CONCLUSION

The BBS score at admission to a convalescent rehabilita-
tion ward was found to be a significant predictor of improve-
ment in walking among older adults with a hip fracture. 
BBS scores ≥28 points at admission to a convalescent 
rehabilitation ward could predict independent walking at 
discharge, and scores ≥21 points could predict supervised 
walking at discharge. For patients using a wheeled walker, 
BBS scores ≥25 points could predict independent walking, 
and BBS scores ≥19 points could predict supervised walking. 
Although there are many factors that influence the degree of 
walking independence, the moderate predictive accuracy of 
the cut-off values obtained from the BBS assessment of bal-
ance function alone may be useful in making simple clinical 
decisions.
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